Design, synthesis and applications of novel hypervalent

iodine reagents by Qurban, Jihan
  
Design, Synthesis and Applications of Novel Hypervalent 
Iodine Reagents 
 
 
 
 
 
 
A Thesis Submitted to Cardiff University 
in Fulfilment of the Requirements for the 
Degree of Doctor of Philosophy 
by Jihan Qurban 
 
 
PhD Thesis July 2019 
Cardiff University 
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
ii 
 
DECLARATION 
 
This work has not been submitted in substance for any other degree or award at this or any 
other university or place of learning, nor is being submitted concurrently in candidature for any 
degree or other award.  
 
Signed …………………………… (Jihan Qurban) Date ………………….…  
 
STATEMENT 1  
 
This thesis is being submitted in partial fulfillment of the requirements for the degree of 
……………………… (insert MCh, MD, MPhil, PhD etc, as appropriate)  
 
Signed …………………………… (Jihan Qurban) Date ………………….…  
 
STATEMENT 2  
 
This thesis is the result of my own independent work/investigation, except where otherwise 
stated, and the thesis has not been edited by a third party beyond what is permitted by Cardiff 
University’s Policy on the Use of Third-Party Editors by Research Degree Students. Other 
sources are acknowledged by explicit references. The views expressed are my own.  
 
Signed …………………………… (Jihan Qurban) Date ………………….…  
 
STATEMENT 3  
 
I hereby give consent for my thesis, if accepted, to be available online in the University’s Open 
Access repository and for inter-library loan, and for the title and summary to be made available 
to outside organisations.  
 
Signed …………………………… (Jihan Qurban) Date ………………….…  
 
STATEMENT 4: PREVIOUSLY APPROVED BAR ON ACCESS  
 
I hereby give consent for my thesis, if accepted, to be available online in the University’s Open 
Access repository and for inter-library loans after expiry of a bar on access previously 
approved by the Academic Standards & Quality Committee.  
 
Signed …………………………… (Jihan Qurban) Date ………………….…   
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
iii 
 
Acknowledgements 
Thanks for Allah the great for blessing me and giving me the power and persistence to complete 
my studies. 
Nobody can achieve any big goal without getting direct and indirect help and support. Doing a 
PhD is a milestone in my life, and I would not go through it without the help, support, kindness, 
time, and efforts of many people. The list is too long, but I will mention some people who had 
positively affected my research and my life during my PhD studies. 
First, my thanks and gratitude to my supervisor, Professor Thomas Wirth, not only for giving 
me the chance to join his outstanding research group and to work on such an interesting project, 
but also for the endless support, guidance, and fruitful discussions during all the stages of my 
PhD. For even criticism, which was always constructive and helped me to improve, acquire 
new expertise and develop my skills. Working with him was a real pleasure, he gave me the 
freedom to choose what is of interest for me, his patience and tolerance towards making 
mistakes and wrong decisions (sometimes), helped me to learn effectively and to build my 
personality. 
Next, I would like to express my thanks and dept to Dr Mohamed Elsherbini for his crucial role 
and impact on my research, for dedicating time for me, for the fruitful cooperation, for all the 
help he gave to me in and outside the lab. He was always there for me, answering my questions, 
correcting my mistakes, and encouraging me when I am down. His constant help, support, and 
his knowledge and kindness helped me to improve my skills and to trust myself. 
Thanks to all the people who were part of the Wirth research group, attended the group 
meetings and shared the office. Ana, Matt, Simon, Florence, Ravi, Anaïs, Célina, Adam, 
Rosaria, Agatha, Alex, Svenja, Tomohiro, Wilke, Xiaoping, Micol, Tobi, Filipa, Haifa, 
Mekhman, Ziyue, Mohamed, Marina, Tom, Rossana, Adele, Alena, Saira, Guilherme, Frauke, 
Nasser, Wenchao, Xiang-Yang, Abdul, Niklas, Taifur, Jarno, Paulina, Chrissi, Joey and James, 
without you all, without your suggestions, advice, support and company, my studies / life 
would be harder, less fun. 
My special gratitude to Ana, Flo, and Nasim for proof-reading parts of my thesis. Special 
thanks to Mohamed for proof-reading the whole thesis and for his advices and tips that helped 
me a lot during the writing up process.  
Thanks to my mentor and examiner Dr. Duncan Browne and Dr. Louis Morill for their valuable 
suggestions and all the guidance and support they gave to me. I would like to acknowledge all 
the technical and non-technical staff at the School of Chemistry (Cardiff University). Thanks 
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
iv 
 
to Dr. Benson Kairuki (Cardiff University) for the X-Ray crystallographic analysis, and the 
EPSRC National Mass Spectrometry Service Centre (Swansea University) for their outstanding 
service providing mass spectrometric data.  
I would like to acknowledge the government of my country, and the University of Um-Alqura 
(Saudi Arabia) for the generous financial support, without which this work would not be 
possible. 
Finally, I would like to thank my loving husband and my lovely children for all the love, joy, 
and support they gave to me. Thanks to all my family and friends in Cardiff and in Saudi Arabia 
for their support, it would have never been the same without all of you. Special thanks to my 
parents, my sisters and brothers.  
Jihan Qurban 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
v 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dedicated to my small family: Mustafa, Aya, Abdulrahman, and Lin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
vi 
 
LIST OF ABBREVIATIONS 
°C  Degree Celsius  
μL  Microlitre  
Ac  Acetyl  
AcOH  Acetic acid  
A  Amperes  
aq.  Aqueous  
APCI  Atmospheric pressure chemical ionisation  
Ar  Aryl  
C  Concentration  
Cat.  Catalytic  
Conv.  Conversion  
CV  Cyclic voltammetry  
d.r.  Diastereomeric ratio  
DBU  1,8-Diazabicycloundec-7-ene  
DIB  (Diacetoxyiodo)benzene  
DCE  1,2-Dichloroethane  
DME  1,2-Dimethoxyethane  
DMF  N,N-Dimethylformamide  
DMP  Dess-Martin periodinane  
DMSO  Dimethylsulfoxide  
EDG  Electron donating group  
ee  Enantiomeric excess  
EI  Electron ionisation  
eq.  Equivalent(s)  
ESI  Electrospray ionisation  
Et  Ethyl  
EWG  Electron withdrawing group  
F mol-1  Faraday per mole  
FEP  Fluorinated ethylene propylene  
g  Gram  
GP  General procedure  
GC  Gas chromatography  
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
vii 
 
h  Hour(s)  
HFIP  1,1,1,3,3,3-Hexafluoro-2-propanol  
HOMO  Highest occupied molecular orbital  
HPLC  High pressure liquid chromatography  
HRMS  High resolution mass spectroscopy  
Hz  Hertz  
i-Pr  Iso-Propyl  
IR  Infrared  
J  Coupling constant  
L  Ligand  
LDA  Lithium diisopropylamide  
LUMO  Lowest unoccupied molecular orbital  
M  Molarity [mol/l]  
mA  milliamperes  
m.p.  Melting point  
m/z  Mass over charge ratio  
m-CPBA  m-chloroperbenzoic acid  
Me  Methyl  
Mes  Mesityl  
MHz  Megahertz  
min  Minute(s)  
mL  Millilitre  
mmol  Millimole  
mol%  Mole percentage  
N  Normality  
nm  nanometre  
n-BuLi  n-butylllithium  
NMR  Nuclear magnetic resonance  
psi  Pounds per square inch  
p-TsOH  p-Toluenesulfonic acid  
PEEK  Polyether ether ketone  
PTFE  Polytetrafluoroethylene  
Rf  Retention factor (TLC)  
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
viii 
 
rt  Room temperature  
sat.  Saturated  
t-Bu  tert-butyl  
TEMPO  2,2,6,6-Tetramethylpiperidine 1-oxyl  
TfO Trifluoromethanesulfonate  
TFA  Trifluoroacetic acid  
TFE  2,2,2-Trifluoroethanol  
TfOH  Trifluoromethanesulfonic acid  
THF  Tetrahydrofuran  
TLC  Thin layer chromatography  
TMSOTf  Trimethylsilyl trifluoromethanesulfonate  
Ts  p-toluenesulfonyl  
vs  versus  
V  Volts  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jihan Qurban                                                                                                    PhD Thesis 2019 
__________________________________________________________________________________ 
ix 
 
ABSTRACT 
Hypervalent iodine reagents are environmentally benign alternatives to heavy metal oxidants. 
They are widely used in organic synthesis not only because of the environmentally friendly 
nature but also due to their readily availability, selectivity and mild reaction conditions. 
Hypervalent iodine compounds are efficient reagents for a wide range of oxidative 
transformations such as oxidation of alcohols, phenol dearomatisation, functionalisation of 
carbonyl compound and alkenes, halogenation, oxidative heterocyclisation, and oxidative 
rearrangement reactions. 
 
In this thesis, novel electron-deficient chiral hypervalent iodine reagents have been designed 
and synthesised (Scheme i). The reactivity and selectivity of the newly synthesised reagents 
have been studied in several stereoselective oxidative transformations.  
 
Scheme i. Synthesis of novel electron-deficient lactate-based chiral iodine(III) reagents. 
 
Stereoselective oxidative rearrangement of alkenes into the corresponding α-aryl ketone 
(Scheme ii) was studied using chiral iodoarenes as organocatalysts. In addition, the same 
transformation was studied using electrochemically generated hypervalent iodine reagent. 
 
Scheme ii. Stereoselective oxidative rearrangement of alkenes. 
Finally, the design, synthesis, and characterisation of novel pseudocyclic hypervalent iodine 
reagents bearing heteroaryl carbonyl moieties is described (Scheme iii). The newly synthesised 
reagents showed similar and sometimes better reactivity than Koser’s reagent. 
 
Scheme iii. Synthesis of novel pseudocyclic hypervalent iodine reagents. 
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1.1. Iodine 
Iodine is a non-metal of the halogen group; it is the fifty-third element in the periodic table. 
Iodine was isolated for the first time by the French chemist Bernard Courtois in the year 1811 
from the seaweed’s ash. Its deep purple colour is what inspired J. L. Gay Lussac to give its 
name “Iodine” in 1813, from the word ιώδης (iodes) which means violet in the Greek 
language. Although iodine forms iodides with a formal oxidation state of -1 with almost all 
the elements but it can be found in different oxidation states: -1, +1, +3, +5, and +7. 
Of all the known isotopes of iodine, 127I is the only stable non-radioactive one. Some of the 
radioactive isotopes of iodine have medical applications, especially, 123I that is used in the 
nuclear medicine imaging of the thyroid gland. A gland that regulates the metabolism and 
produces iodine-containing hormones such as (S)-thyroxine T4 and (S)-triiodothyronine T3 
(Figure 1.1). 
 
Figure 1.1. Thyroid gland iodine-containing hormones. 
 
1.2. Hypervalent iodine compounds 
Nowadays, the chemistry of hypervalent iodine reagents is a cornerstone in modern organic 
synthesis and has gained popularity and widespread recognition and consideration by 
chemists. The history of hypervalent iodine reagents is long and can be dated back to the year 
1886 where the German chemist Conrad Willgerodt[1] prepared the first hypervalent iodine 
reagent, (dichloroiodo)benzene [PhICl2]. But the chemistry of hypervalent iodine reagents 
has witnessed a burst and unprecedented development since the beginning of the twenty-first 
century. The chemical properties and applications of hypervalent iodine reagents are similar 
to those of heavy metal oxidants with the advantages of being diverse, readily available, mild 
and environmentally benign.[2–4] Some examples of common hypervalent iodine reagents are 
depicted in figure 1.2. 
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Figure 1.2. Chemical structure of some common hypervalent iodine reagents along with their 
systematic and common names. 
 
1.2.1. Classification and nomenclature of hypervalent iodine compounds 
In hypervalent iodine compounds, iodine exists in higher oxidation states of +3, +5 and +7. 
Known organic hypervalent iodine compounds belong to the iodine(III) and iodine(V) 
classes, organic iodine(VII) compounds are not known, only inorganic iodine(VII) 
compounds such as iodine(VII) fluoride (IF7), iodine(VII) oxyfluorides and the periodic acid 
(HIO4) derivatives are reported in literature. Hypervalent iodine compounds can be classified 
using Martin–Arduengo N-X-L designation for hypervalent compounds (Figure 1.3). 
Formally, the iodonium ion (structure A) is not a hypervalent species as it has only eight 
valence electrons around the central iodine atom; but, taking into account the closely 
associated counter ion, iodonium salts are commonly considered ten-electron hypervalent 
iodine compounds in the modern literature.[5–10]  
 
Figure 1.3. Typical structural types of hypervalent iodine compounds. 
Historically, iodine(III) derivatives were generally named as iodinanes, while iodine(V) 
derivatives were named as periodinanes. In 1983 IUPAC recommended using the (lambda 
Jihan Qurban                                                                             Chapter 1: General introduction 
__________________________________________________________________________________ 
5 
 
convention) for variable valence in organic nomenclature,[11] therefore, iodinane was replaced 
by λ3-iodane for iodine(III) compounds and periodinane was replaced by λ5-iodane for 
iodine(V) compounds. However common hypervalent iodine reagents such as PhI(OAc)2, 
PhIF2, PhICl2, ArIO, ArIO2, among others are not named using the λ nomenclature.  
1.2.2. Bonding and structural features 
In 1969 J. I. Musher[12] established the definition of “hypervalent” species as molecules or 
ions of groups 15–18 elements bearing more than eight electrons within a valence shell. The 
molecular orbital (MO) description of hypervalent bonding in hypervalent compounds as a 
three-centre-four-electron (3c-4e) bond (Figure 1.4) is widely accepted. The concept of three-
centre-four-electron (3c-4e) bond was introduced in the year 1951 by R. E. Rundle[13] and G. 
C. Pimentel,[14] independently. According to this model the filled 5p orbital of the central 
iodine atom interacts with the half-filled orbitals of the two ligands L leading to the formation 
of three molecular orbitals: bonding, nonbonding and antibonding (Figure 1.4).  
 
Figure 1.4. Molecular orbital representation of 3c-4e bond in iodine(III) compounds. 
The hypervalent bond is highly polarised due to the presence of a node at the central iodine in 
the highest occupied molecular orbital (HOMO). Hence, the central iodine atom is highly 
electrophilic. ArIL2 (L = heteroatom ligand) is the most common λ3-iodane class. In such 
structures (Figure 1.5a)   the more electronegative ligands (L) are collinear and occupy the 
apical positions, while the carbon substituent (Ar) and both electron pairs occupy the 
equatorial positions leading to a distorted trigonal bipyramidal geometry. On the other hand, 
the four ligands (L) in λ5-iodane of type ArIL4 (Figure 5.1b) occupy the equatorial positions 
and the carbon ligand (Ar) and the lone pair occupy the apical positions leading to a square 
bipyramidal geometry. 
 
Figure 1.5. a) Geometry of ArIL2 λ3-iodanes. b) Geometry of ArIL4 λ5-iodanes. 
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1.2.3. General principles of reactivity 
 
Hypervalent iodine reagents are environmentally benign alternatives to heavy metal oxidants. 
They are widely used in organic synthesis not only because of the environmentally friendly 
nature but also due to their readily availability, selectivity and mild reaction conditions. 
Hypervalent iodine compounds are efficient reagents for a wide range of oxidative 
transformations such as oxidation of alcohols, phenol dearomatisation, functionalisation of 
carbonyl compound and alkenes, halogenation, oxidative heterocyclisation, and oxidative 
rearrangement reactions. 
The strong electrophilic nature of hypervalent iodine reagents along with their super leaving 
group ability (106 times of a triflate) when bound to sp3 carbon are the key facts behind their 
reactivity, selectivity and versatility.[3] The general reactivity aspects of hypervalent iodine 
reagents are discussed below. 
1.2.3.1. Ligand exchange and reductive elimination 
Generally, most reactions involving λ3-iodanes of type ArIL2 starts with a ligand exchange 
step, where an external nucleophile (Nu) replaces one of the ligands on the iodine atom 
followed by either a reductive elimination or a ligand coupling (Scheme 1.1). The reactions 
involving λ5-iodanes can be generally explained by a similar mechanism.  
 
Scheme 1.1. A schematic representation of the reactions involving λ3-iodanes. 
In principle, the ligand exchange step of the reactions of λ3-iodanes can take place via either a 
dissociative or an associative pathway (Scheme 1.2). In the dissociative mechanism (Scheme 
1.2a) one of the ligands at the central iodine atom dissociates leaving a cationic iodonium ion 
ArIL+ which reacts with a nucleophile forming the ligand exchange product. On the other 
hand, the associative mechanism (Scheme 1.2b) involves the addition of a nucleophile to the 
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electrophilic iodine centre forming a trans 12-I-4 species which isomerises to the cis 12-I-4 
species that undergoes elimination of  a ligand (L) leading to the ligand exchange product. 
 
Scheme 1.2. Associative (a) and dissociative (b) pathways of the ligand exchange of λ3-iodanes. 
 
1.2.3.2. Radical mechanism 
Due to the relatively small bond dissociation energies in hypervalent iodine compounds, 
homolytic reactions involving free-radical intermediates are relatively common under thermal 
or photochemical conditions.[15] Typical examples include using halobenziodoxoles of type 
1.11 in allylic and benzylic halogenation under photochemical conditions (Scheme 1.3).[16] 
 
Scheme 1.3. Radical allylic halogenation using cyclic λ3-iodanes. 
The formation of azide radicals via the thermal decomposition of azidoiodanes,[17,18] which 
can be generated in situ from an azide source and a hypervalent iodine reagent [e.g., 
iodosylbenzene or PhI(OAc)2], is a synthetically useful tool for performing C-H azidation 
reactions (Scheme 1.4).  
Jihan Qurban                                                                             Chapter 1: General introduction 
__________________________________________________________________________________ 
8 
 
 
Scheme 1.4. Radical benzylic azidation using PIFA/Me3SiN3 mixture. 
 
1.2.3.3. Single-electron transfer (SET) mechanism 
Reactions of λ3- or λ5-iodanes with electron-rich organic substrates can also proceed via a 
single-electron transfer (SET) mechanism. For example, the reaction of PIFA with p-
substituted phenol ethers 1.16 leads to the formation of the products of nucleophilic aromatic 
substitution 1.19. The reaction starts with the formation of the charge-transfer complex 1.17 
which undergoes SET to form the radical cation intermediate 1.18 that reacts with external or 
internal nucleophiles leading to products 1.19 (Scheme 1.5). 
 
Scheme 1.5. Reaction of p-substituted phenol ethers 1.16 with PIFA via SET mechanism. 
Another common reaction of the λ3-iodanes that involves a SET mechanism is the 
trifluoromethylation via SET reduction of Togni reagent. Treatment of Togni reagent with a 
catalytic amount of Cu(I) salt leads to the generation of trifluoromethyl radical which then 
undergoes radical addition to alkenes leading to allylic trifluoromethylation products 1.21 
(Scheme 1.6).[19,20] 
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Scheme 1.6. Cu-catalysed allylic trifluoromethylation using Togni reagent. 
 
1.2.4. Preparation of hypervalent iodine reagents 
Organic hypervalent iodine reagents can be prepared either by the oxidation of aryl iodide 
derivatives in the presence of suitable ligands or by the ligand exchange of pre-prepared 
hypervalent iodine reagents. The oxidation of iodoarenes to the corresponding hypervalent 
iodine reagents can be achieved using a wide range of chemical oxidants, such as oxone®, 
selectfluor®, peracids (m-chloroperbenzoic acid (mCPBA), peracetic acid, etc), hydrogen 
peroxide, dimethyldioxirane (DMDO), organic hydroperoxides, organic and inorganic 
hypochlorites, etc.[21] In addition, the anodic oxidation of hypervalent iodine reagents is a 
feasible process.[22,23] The ligand exchange approach is a common way of altering already 
prepared hypervalent iodine reagents via treatment of prepared λ3- and λ5-iodanes with 
suitable nucleophiles.[21,23] 
Some representative examples of the oxidation of iodoarenes into some of the common λ3-
iodane derivatives such as organo-iodosyl compounds,[24–26] organoiodine(III) 
carboxylates,[27,28] organoiodine(III) fluoroalkoxides,[22,23] 
[hydroxy(organosulfonyloxy)iodo]arenes,[23,29] organoiodine(III) chlorides,[30–32] and 
organoiodine(III) fluorides[33–36] are displayed in Scheme 1.7 along with some representative 
examples of interconversion of common λ3-iodane derivatives via ligand exchange. 
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Scheme 1.7. Some representative examples of synthesis of λ3-iodane derivatives via oxidation of 
iodoarenes and ligand exchange approaches. 
The synthesis of λ3-iodane derivatives from the corresponding arenes, elemental iodine and 
an oxidant such as Selectfluor®[37] or mCPBA[29] in one-pot is an interesting alternative 
strategy for accessing hypervalent iodine reagents (Scheme 1.8). The reaction proceeds 
smoothly when electron rich arenes are used as substrate. Using iodine triacetate [I(OAc)3]
[38] 
and iodine tris(trifluoroacetate) [I(OCOCF3)3]
[38] allowed the extension of this methodology 
to less electron rich and even some electron-deficient arenes.[39] 
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Scheme 1.8. Alternative strategies for the synthesis of λ3-iodane derivatives starting from the 
corresponding arenes. 
 
1.2.5. Synthetic applications 
 
The synthetic utility of hypervalent iodine reagents is tremendous and covers a wide range of 
chemical transformations. In the following sections, an overarching overview and some 
representative examples of the wide spectrum of the hypervalent iodine chemistry will be 
presented. A more detailed discussion of the reactivity aspects that were encountered during 
the research, such as stereoselective transformations, using iodoarenes as organocatalysts, 
anodic oxidation of aryl iodides, and secondary interactions in hypervalent iodine chemistry 
will be presented in the following chapters. 
 
1.2.5.1. Halogenation 
Hypervalent iodine reagents of type ArIX2 where X is a halogen are versatile powerful 
electrophilic halogenating agents. (Difluoroiodo)arenes and (dichloroiodo)arenes are 
generally accessible easy to handle compounds. 4-Iodotoluene difluoride (Tol-IF2)
[36] 
specifically is a powerful selective versatile fluorinating agent. Using Tol-IF2 
monofluorination of β-keto esters, β-diketones, and β-keto amides can be achieved 
selectively.[40] α-Fluorination of sulfides[41,42] and selenides[36] in addition to vicinal 
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difluorination of alkenes[43] are other examples of the synthetic utility of Tol-IF2 (Scheme 
1.9).    
 
Scheme 1.9. Tol-IF2 as versatile fluorinating agent. 
(Dichloroiodo)arenes especially, (dichloroiodo)benzene (PhICl2), which can be produced in a 
large scale[30] are widely used as chlorinating agents for various organic substrates. Reaction 
of PhICl2 with various aliphatic and aromatic ketones 1.33 in ethylene glycol proceeds 
smoothly to afford the corresponding α-chloroketone acetals 1.34 in high to excellent yields 
(Scheme 1.10 A).[44]  The reaction of styrene derivatives 1.35 with 4,4’-
bis(dichloroiodo)biphenyl (1.36) in the presence of methanol result in the formation of the 
chloromethoxylation products 1.37 in good yields (Scheme 1.10 B).[31] 
 
Scheme 1.10. Chlorination using (dichloroiodo)arenes. 
Oxidative bromination and iodination using hypervalent iodine reagents are less popular 
compared to fluorination and chlorination. Stable bromobenziodoxoles have been reported 
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and applied in the benzylic and allylic bromination[16] in addition to electrophilic bromination 
of electron-rich arenes and bromolactonisation of 4-pentenoic acid.[45]  On the other hand, 
stable hypervalent iodine reagents with iodide ligands are not reported, but oxidative 
iodination of aromatic and heteroaromatic compounds can be achieved using molecular 
iodine in combination with common λ3-iodanes such as PIDA and PIFA.[46–48] 
1.2.5.2. Carbon-carbon bond formation 
Hypervalent iodine chemistry plays an important role in the metal-free C-C bond formation. 
The first report of metal-free oxidative cross-biaryl-coupling was reported in 2008 by Dohi et 
al.[49] The cross-coupling of naphthalene and pentamethylbenzene is depicted in Scheme 
1.11. 
 
Scheme 1.11. PIFA induced aryl cross-coupling. 
An efficient oxidative cross-coupling of heteroarenes with alkanes has been reported using a 
mixture of PIFA and sodium azide (NaN3). A wide range of cross-coupling products were 
formed smoothly under very mild reaction conditions (Scheme 1.12).[50] 
 
Scheme 1.12. PIFA induced selective oxidative cross-coupling of heteroarenes and alkanes. 
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1.2.5.3. Carbon-heteroatom bond formation 
Hypervalent iodine reagents have found diverse practical applications in transformations 
leading to the formation of carbon-heteroatom bonds. Muñiz and co-workers made a good 
contribution in the field of C-N bond formation.[51–56] One example is the vicinal diamination 
of alkenes using a combination of PIDA and HNTs2.
[57] The reaction is versatile and showed 
a wide scope of substrates, 60 examples were presented including styrenes, terminal and 
internal alkenes in addition to cyclic alkenes (Scheme 1.13). 
 
Scheme 1.13. Vicinal diamination of alkenes using PIDA/HNTs2 reagent combination. 
Intramolecular aziridination of styrenes was achieved in good to excellent yield under mild 
reaction conditions using a reagent system composed of 2-iodoanisole, mCPBA, and N-
aminophthalimide (Scheme 1.14).[58] 
 
Scheme 1.14. Aziridination of styrenes using 2-iodoanisole/mCPBA. 
 
An elegant example of forming C-heteroatom bonds using hypervalent iodine reagents is the 
construction of the α-amino dihydrobenzothiophene fragment of the alkaloid makaluvamine 
F via iterative iodine(III) mediated oxidative C-S and C-N bond formations (Scheme 1.15). 
 
Scheme 1.15. Iterative iodine(III) mediated oxidative C-S and C-N bond formation. 
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1.2.5.4. Phenol dearomatisation 
Phenol dearomatisation is an extensively explored oxidative transformations mediated by 
hypervalent iodine reagents that finds various applications in the synthesis of natural products 
and bioactive molecules. A general representation of the oxidative dearomatisation of 4- or 2-
substituted phenols of type 1.54 and 1.57 by hypervalent iodine reagents is shown in Scheme 
1.16.  First the phenolic substrate undergoes ligand exchange with the iodine(III) reagent 
leading to the formation of phenoxyiodine(III) species 1.55 which then undergoes reductive 
elimination in the presence of an internal or external nucleophile (Nu) leading to the 
corresponding cyclohexadienone products of type 1.56 or 1.58.[59] 
 
Scheme 1.16. General representation of hypervalent iodine mediated phenol dearomatisation. 
Treatment of isoeugenol (1.59) with PIDA in dichloromethane at room temperature led to the 
formation of dehydrodiisoeugenol (1.60) (Scheme 1.17). The oxidative dimerization of 1.59 
is initiated by the formation of p-phenoxonium intermediate 1.61 via PIDA mediated phenol 
dearomatisation of 1.59. Interception of 1.62 with a second molecule of isoeugenol (1.59) 
result in the formation of intermediate 1.63 which undergoes intramolecular nucleophilic ring 
closure leading to dehydrodiisoeugenol (1.60).[60] 
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Scheme 1.17. Oxidative dimerisation of isoeugenol 1.59 mediated by PIDA. 
 
1.2.5.5. Oxidative rearrangements 
Hypervalent iodine reagents promote a wide range of synthetically useful molecular 
rearrangement reactions. The ability of hypervalent iodine reagents to react initially as 
electrophiles in combination with their superior leaving group ability can trigger the 
migration of various substituents. Hence a wide range of synthetically useful molecular 
rearrangement reactions have been developed using hypervalent iodine reagents.[61–64] 
Hofmann-type rearrangements is one of the early examples of the ability of λ3-iodanes to 
promote molecular rearrangement reactions. The reaction can be promoted using a wide 
range of hypervalent iodine reagents. A wide range of amides 1.64 were smoothly converted 
into the corresponding carbamates 1.67 in high yield using (tosylimino)phenyl-λ3-iodane 1.65 
via isocyanate intermediates 1.66 (Scheme 1.18).[65] 
 
Scheme 1.18. λ3-iodane mediated Hofmann-type rearrangement of amides to the corresponding 
carbamates. 
The reaction of β,γ-unsaturated carboxylic acids 1.68  with PIFA/TMSOTf  led to the 
formation of lactones 1.69 (Scheme 1.19). The reaction proceeds via activation of the double 
bond with iodine(III) species followed by cyclisation and aryl group migration.[66] 
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Scheme 1.19. Synthesis of lactone 1.69 via PIFA mediated aryl transposition. 
Hypervalent iodine reagents promote molecular rearrangement reactions that lead to ring 
expansion and ring contraction. For example, Koser’s reagent promoted the formation of 
acetal 1.71 via ring contraction of 1,2-dihydronaphthalene derivatives 1.70 (Scheme 1.20).[67]  
 
Scheme 1.20. Formation of acetal 1.71 via a ring contraction induced by Koser’s reagent. 
1.2.5.6. Oxidation reactions 
Hypervalent iodine reagents are versatile oxidants. They find wide applications in oxidation 
of benzylic and allylic positions, oxidation of heteroatoms such as sulfur, nitrogen and 
phosphorus in addition to alcohols. 
For example, the oxidation of the benzylic position of tetrahydroisoquinoline 1.72 using 
iodosylbenzene in the presence of catalytic amount of Bu4NI furnished the corresponding 
lactam 1.73 in 96% yield (Scheme 1.21).[68] 
 
Scheme 1.21. Oxidation of benzylic position of tetrahydroisoquinoline 1.72 using PhIO. 
The oxidative cleavage of the thioacetal protecting groups can be efficiently achieved under 
mild conditions using λ3-iodanes.[69–71] On the other hand, λ5-iodanes such as IBX (1.9) and 
DMP (1.10) are excellent selective and mild oxidants for alcohols. The oxidation of alcohols 
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1.74 and 1.76 to the corresponding aldehydes proceeds smoothly in excellent yields without 
racemisation using IBX and DMP, respectively (Scheme 1.22).[72,73]   
 
Scheme 1.22. Efficient selective and mild oxidation of alcohols 1.74 and 1.76 to the corresponding 
aldehydes using IBX and DMP. 
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2.1. Introduction 
 
2.1.1. Chiral hypervalent iodine reagents 
 
Asymmetric induction using chiral hypervalent iodine reagents is becoming a cornerstone in 
asymmetric synthesis. The ability of the chiral hypervalent iodine reagents to induce a wide 
range of stereoselective transformations under mild reaction condition with a high degree of 
stereocontrol, in addition to their availability, easy accessibility and diversity make these 
“greener” reagents reliable alternatives to metal-based chiral reagents, thus minimising the 
adverse environmental implications of such chemical transformations. Stereoselective 
oxidations, difunctionalisation of alkenes, 1,2-aryl rearrangement, oxidative dearomatisation 
and α-functionalisation of carbonyl compounds among others are examples of the value of 
this chemistry.[1] 
The synthesis of chiral hypervalent iodine reagents is dated back to the year 1907 when the 
first chiral hypervalent iodine reagent (diphenyliodonium tartarate) was synthesised.[2] 
Despite the long history, the field revived only in the new millennium. Synthesis of chiral 
hypervalent iodine reagents is usually achieved following one of two main strategies (Figure 
2.1A and 2.1B): (i) attachment of chiral ligands to the iodine centres through ligand 
exchange, the chiral ligands are typically a chiral acid or alcohol, and (ii) introduction of 
chiral substituent or axial chirality into the iodoarene framework. In addition, chiral reactive 
ion-pairs of hypervalent iodate anions with chiral cations are also known though less 
common (Figure 2.1c).[3]  
 
Figure 2.1. General classes of chiral hypervalent iodine reagents. 
 
2.1.1.1. Hypervalent iodine reagents with chiral ligands 
 
Valuable synthetic applications of chiral hypervalent iodine reagents was pioneered by 
Imamoto, after about eighty years of the synthesis since the first chiral hypervalent iodine 
reagent by Pribram. In the year 1986 a new class of chiral hypervalent iodine reagents was 
synthesised by Imamoto and co-workers.[4] Chiral I(III) reagents of type 2.3 were achieved 
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via ligand exchange of iodosylbenzene (2.1) with different L-tartaric acid anhydride 
derivatives (2.2) (Scheme 2.1).  
 
Scheme 2.1. Synthesis of chiral iodine(III) derivatives 2.3. 
 
Analogously, the chiral I(V) reagent 2.6 was synthesised by Kita et al.[5] using PhIO2 (2.4) 
and di(2-methoxy)benzoyl-L-tartaric acid (2.5) (Scheme 2.2). 
 
Scheme 2.2. Synthesis of chiral iodine(V) derivatives 2.6. 
 
In the year 1992 Koser et al.[6] prepared an analogue to Imamoto reagents 2.3 using 
(diacetoxyiodo)benzene  (2.7) and dibenzoyl-L-tartaric acid (2.8) (Scheme 2.3). After 
extensive analysis the authors found that the real structure of the reaction product is the 
polymer 2.9 rather than the cyclic form 2.3 previously reported by Imamoto.  
 
Scheme 2.3. Synthesis of chiral iodine(III) derivatives 2.9. 
 
The same group also achieved the synthesis of two new chiral I(III) reagents (+)-2.12 and 
(-)-2.12 through ligand exchange of the hypervalent iodine reagent 
[methoxy(tosyloxy)iodo]benzene (MTIB) (2.10) with (+)-menthol and (–)- menthol (Scheme 
2.4).[7] 
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Scheme 2.4. Synthesis of chiral iodine(III) derivatives 2.12. 
 
(+)-Camphorsulfonic acid (2.13) was investigated as a source of chirality by Varvoglis et 
al.[8] to achieve the chiral I(III) 2.14 in 80% yield from (diacetoxyiodo)benzene  (2.7) 
(Scheme 2.5).  
 
Scheme 2.5. Synthesis of chiral iodine(III) derivatives 2.14. 
 
Using amino acids as chiral moieties, Zhdankin et al. synthesised a different group of chiral 
I(III)[9] and I(V)[10] reagents 2.16 and 2.19, respectively (Scheme 2.6). Ligand exchange of 
(diacetoxyiodo)benzene (2.7) with several N-protected amino acids (2.15) led to the 
formation of the chiral iodobenzene dicarboxylate (2.16) in high yields. On the other hand, 
oxidation of the easily accessible 2-iodobenzamides 2.18 with potassium bromate (KBrO3) 
led to the formation of the chiral benziodazole oxides 2.19 in moderate yields.  
 
Scheme 2.6. Using amino acids as chiral ligands. 
 
Hypervalent iodine reagents with chiral ligands are typically applied in the stereoselective 
oxidation of sulfides into the corresponding chiral sulfoxides. 
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2.1.1.2. Hypervalent iodine reagents with chiral substituents on the iodoarene backbone 
In contrast to the synthesis of hypervalent iodine reagents with chiral ligands, the synthesis of 
hypervalent iodine reagents with chiral substituents in the iodoarene backbone is a very 
active research area and such kind of reagents are diverse and find wide applications in 
asymmetric synthesis.  
Several strategies to introduce chirality into the iodoarene backbone have been developed. 
One straightforward strategy is the reaction of 2-iodobenzoic acid or (2-iodophenyl)acetic 
acid derivative with chiral alcohol or amine. In this context, Wirth et al.[11] synthesised the 
chiral I(V) reagents 2.21 through the esterification of 2-iodobenzoyl chloride (2.17) and 
chiral alcohols, namely, borneol, menthol and fenchyl alcohol, the esters 2.20 were then 
oxidized to the corresponding I(V) reagents 2.21 via oxidation with dimethyldioxirane 
(DMDO) in good to excellent yields (Scheme 2.7). 
 
Scheme 2.7. Synthesis of chiral iodine(V) derivatives 2.21. 
 
Following the aforementioned protocol, the same group reported the synthesis of a wide 
range of chiral iodoarenes and their application in the α-oxytosylation of ketones, and the 
lactonisation of 5-oxo-5-phenylpentanoic acid using mCPBA  as a terminal oxidant (Figure 
2.2).[12] 
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Figure 2.2. Chiral iodoesters as precursors of chiral hypervalent iodine reagents. 
 
In a similar manner, the chiral iodoarenes 2.22 and 2.23 containing norephedrine and pseudo-
ephedrine units were synthesised in 72% and 75% yield, respectively, from the corresponding 
carboxylic acids. The amides were oxidized using mCPBA to the corresponding hypervalent 
iodine species (Figure 2.3).[13] 
 
Figure 2.3. Chiral iodoamides as precursorsof chiral hypervalent iodine reagents. 
Chiral hypervalent iodine reagents containing chiral units derived from lactic acid and 
analogous acids (Figure 2.4) are widely used in the stereoselective transformations mediated 
by chiral hypervalent iodine reagents.[14–20]  
 
Figure 2.4. Lactate-based and analogous chiral hypervalent iodine reagents. 
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Synthesis of the chiral hypervalent iodine derivatives 2.26 as a representative example of this 
widely used group is depicted in scheme 2.8.[16] 
 
Scheme 2.8. Synthesis of C2-symmetric chiral hypervalent iodine reagent 2.26. 
 
2.1.1.3. Axially chiral hypervalent iodine reagents 
Axially chiral iodoarenes and their corresponding hypervalent iodine reagents attracted the 
attention of several research groups, examples of such chiral reagents are shown in figure 
2.5.[21–28] 
 
Figure 2.5. Axially chiral iodoarenes and hypervalent iodine reagents. 
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Synthesis of the axially chiral hypervalent iodine derivatives 2.38 as a representative example 
of this class of chiral hypervalent iodine reagents is depicted in scheme 2.9.[21] 
 
Scheme 2.9. Synthesis of axially chiral hypervalent iodine reagent (R)-2.38. 
2.1.1.4. Hypervalent iodine reagents with Chiral counter ion 
Synthesis and stereoselective applications of chiral hypervalent iodine reagents derived from 
iodide salts with chiral counter cations are rare in the literature of hypervalent iodine 
chemistry. Some examples of chiral quaternary ammonium iodides are depicted in figure 
2.6.[29] 
 
Figure 2.6. Precursors of hypervalent iodine reagents with chiral counter ion. 
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The salts 2.46-2.48 were synthesised starting from (R)-2,2'-bis(bromomethyl)-1,1'-binaphthyl 
derivatives 2.49 in moderate to excellent yields over two steps (Scheme 2.10).[29] 
 
Scheme 2.10. Synthesis of chiral quaternary ammonium iodides 2.46-2.48. 
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2.2. Results and Discussion 
2.2.1.  Synthesis of novel electron-deficient chiral hypervalent iodine reagents 
Among the wide spectrum of chiral hypervalent iodine reagents, the C2-symmetric lactate-
based chiral hypervalent iodine reagents are the most successful in transferring chirality to a 
wide range of substrates, hence they found application in a variety of valuable 
enantioselective transformations. As hypervalent iodine reagents are electrophilic at the 
iodine atom, so introduction of electron withdrawing groups into the aromatic moiety could 
in principle enhance the electrophilicity of these synthetically important species. The 
synthesis and application of two novel electron-deficient chiral hypervalent iodine reagents of 
the general structure 2.51 (Figure 2.7) is described in this chapter. 
 
Figure 2.7. Lactate based electron-deficient chiral hypervalent iodine reagents. 
 
2.2.1.1. Synthesis of novel electron-deficient chiral iodoarenes 
To achieve the synthesis of the proposed chiral hypervalent iodine reagents of type 2.51, the 
key novel building block, 2-iodo-5-(trifluoromethyl)benzene-1,3-diol (2.55) is required. 
Compound 2.55 was synthesised starting from the commercially available 3-nitro-5-
(trifluoromethyl)phenol (2.52) in 63% overall yield over 3 steps (Scheme 2.11). The 
synthesis of 2.55 started with the Zinin reduction[30] of the nitro group of the nitrophenol 
derivative 2.52 to afford the corresponding amino derivative, 3-amino-5-
(trifluoromethyl)phenol (2.53)[31] in 97% yield. The amino group of 2.53 is converted into a 
hydroxy group via a Sandmeyer reaction,[32] where the diazotation of 2.53 is followed by 
treatment with a saturated aqueous solution of CuSO4.5H2O led to the formation of the 5-
(trifluoromethyl)benzene-1,3-diol (2.54) in 81% yield. The iodine was introduced into 2.54 
via electrophilic aromatic substitution, where the reaction of diol 2.54 with molecular iodine 
afforded the desired iodoarene 2.55 in 80% yield. 
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Scheme 2.11. Synthesis of the novel iodoresorcinol derivative 2.55. 
Having the key intermediate 2.55 in hands, the synthesis of the target hypervalent iodine 
reagents of type 2.51 could be achieved. Hence, the iodoarene 2.55 was reacted with methyl 
(S)-(-)-lactate under Mitsunobu reaction conditions[33] to afford the lactate-based chiral 
iodoarene 2.56 in 98% yield. Basic hydrolysis of the diester 2.56 in a 1:1 mixture of THF and 
methanol afforded the dicarboxylic acid 2.57 in 80% yield after acidification. The diacid 
chloride 2.58 was generated in situ by treatment of the diacid 2.57 with oxalyl chloride, then 
treated with 2,6-diisopropylaniline and 2,4,6-trimethylaniline to afford the corresponding 
amides 2.59 and 2.60 in 71% and 83% yields, respectively (Scheme 2.12). 
 
Scheme 2.12. Synthesis of the novel chiral iodoarenes 2.56, 2.59, and 2.60. 
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2.2.1.2. Oxidation of iodoarene 2.56, 2.59, and 2.60 to the corresponding hypervalent 
iodine reagents 
The oxidation of the novel chiral iodoarenes 2.56, 2.59, and 2.60 to the corresponding 
hypervalent iodine species was attempted using previously described[16] method with 
Selectfluor® in a mixture of acetonitrile and acetic acid (Scheme 2.13). The hypervalent 
iodine reagents 2.61 and 2.62 were obtained in 95% and 78% yields, respectively. While the 
oxidation of the iodoarene 2.60 to the corresponding hypervalent iodine reagent 2.63 was 
unsuccessful under the same reaction conditions and the starting material was recovered after 
48 h reaction time. All attempts to oxidise the mesityl amide 2.60 into the corresponding 
hypervalent iodine reagent using different oxidants such as sodium perborate, mCPBA, and 
Oxone® under various reaction conditions were unsuccessful.  
 
Scheme 2.13. Oxidation of iodoarenes 2.56, 2.59, and 2.60 into the corresponding 
                        hypervalent iodine reagents. 
 
2.2.2. Synthetic applications of the novel chiral hypervalent iodine reagents 2.61 and 
2.62  
The reactivity and selectivity of the electron-deficient lactate-based chiral iodoarenes and 
their corresponding hypervalent iodine reagents were assessed using some typical 
stereoselective well-known transformations induced by chiral hypervalent iodine reagents in 
stoichiometric amounts or chiral iodoarenes in a catalytic manner, taking the well-known 
reagents 2.25 and 2.28 (Figure 2.8)[16,18,33] as reference compounds. 
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Figure 2.8. Well-known lactate-based chiral hypervalent iodine reagent 2.25 and its iodoarene 
precursor 2.28. 
2.2.2.1. Oxidative difunctionalisation of alkenes 
The oxidative difunctionalisation of alkenes  is one of the model reactions widely used to 
investigate the reactivity and selectivity of novel hypervalent iodine reagents.[33–38] 
Diacetoxylation of styrene was achieved following the literature procedure,[35] where styrene 
was treated with the chiral hypervalent iodine reagents 2.25, 2.61, and 2.62 at low 
temperature, in the presence of BF3.Et2O as activating Lewis acid to afford (R)-1,2-
diacetoxyethylbenzene (2.65) as the major enantiomer (Table 2.1).  
Table 2.1. Stereoselective diacetoxylation of styrene using reagent 2.25, 2.61, and 2.62. 
 
Entry Hypervalent iodine reagent 2.65 (Yield%) 2.65 (ee%) 
1 
 
71 45 
2 
 
67 56 
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3 
 
57 54 
 
The results indicate that the newly synthesised reagents 2.61 and 2.62 show better 
enatiotioselectivity compared to the reference reagent 2.25 where the diacetoxylation product 
2.65 was obtained in 56 and 54% ee, respectively with comparable yield in the case of 
reagent 2.61 and lower yield in case of reagent 2.62. 
2.2.2.2. Oxyspirolactonisation of keto carboxylic acids 
Hypervalent iodine reagents have been successfully utilised to affect the oxylactonisation of a 
variety of substrates including keto carboxylic acids, unsaturated carboxylic acids, and 
phenol carboxylic acid derivatives.[12,13,39] Recently, Wirth et al.[40] reported the 
stereoselective oxylactonisation of ketoacids of type 2.66 into the corresponding 
spirolactones of type 2.67 using electrochemically generated hypervalent iodine regents. 
Treatment of the keto acid 2.66 with the hypervalent iodine reagents 2.61 and 2.62 in addition 
to the reference reagent 2.25 lead to the spirolactonisation product 2.67 in all cases. The 
results (Table 2.2) revealed that the new reagents 2.61 and 2.62 gave the product in slightly 
higher yield compared to 2.25 and the highest stereoselectivity in case of the reagent 2.61 
(63% ee) while the stereoselectivity was the lowest in case of the reagent 2.62 (33% ee). It is 
noteworthy that using the ester reagents 2.25 and 2.61 lead to the formation (S)-2.67 as the 
major enantiomer which agrees with the reported stereochemistry by Wirth et al.,[40] while 
the amide reagent 2.62 led to the formation of   (R)-2.67 as the major enantiomer. 
Table 2.2. Stereoselective spirolactonisation of ketoacid 2.66 using reagent 2.25, 2.61, and 2.62. 
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Entry Hypervalent iodine reagent 2.67 (Yield%) 2.67 (ee%) 
1 
 
58 53 
2 
 
60 63 
3 
 
65 33[a] 
[a] (R)-2.67 is obtained as the major enantiomer. 
2.2.2.3. Oxidative rearrangement of alkenes  
The stereoselective oxidative rearrangement of alkenes  mediated by chiral hypervalent 
iodine reagents[41,42] is an efficient metal-free alternative to transition metal catalysed 
synthesis of the valuable chiral α-aryl ketones motifs.[43–46] Subjecting the olefinic substrate 
2.68 to the oxidative rearrangement conditions reported by Wirth et al.[41] but using the 
electron deficient hypervalent iodine reagents 2.61 and 2.62 led to the desired chiral α-aryl 
ketone (R)-1,2-diphenylpentan-1-one (2.69) in good yields and high enantioselectivity. The 
reagent 2.61 lead to the formation of 2.69 in high yield and slightly higher enantioselectivity 
compared to the reagent 2.25, while the reagent 2.62 gave unsatisfactory results (Table 2.3). 
Table 2.3. Stereoselective oxidative rearrangement of olefins using reagent 2.25, 2.61, and 2.62. 
 
 
Jihan Qurban                           Chapter 2: Electron-deficient chiral hypervalent iodine reagents 
__________________________________________________________________________________ 
 
 
38 
 
Entry Hypervalent iodine reagent 2.69 (Yield%) 2.69 (ee%) 
1 
 
53 91 
2 
 
65 92 
3 
 
15 78 
 
2.2.2.4. Catalytic α-oxytosylation of ketones 
α-Oxytosylation of ketones is another typical reaction mediated by hypervalent iodine 
reagents.[12,13,25,47–49] The reaction is extensively studied using preformed hypervalent iodine 
reagents in stoichiometric amounts and iodoarenes as organocatalysts in the presence of 
terminal oxidants such as mCPBA. To investigate the potential applications of the newly 
prepared electron-deficient lactate-based chiral iodoaren 2.56, 2.57, 2.59, and 2.60 as 
organocatalysts, the catalytic stereoselective α-oxytosylation of propiophenone (2.70) was 
chosen as a model reaction, applying the literature conditions reported by Legault et al.[50] 
The chiral iodoarene 2.28 was used as a reference. The results (Table 2.4) showed that the 
five iodoarenes were able to mediate the transformation and the product (S)-1-oxo-1-
phenylpropan-2-yl 4-methylbenzenesulfonate (2.71) was formed in reasonable yields 65-70% 
using 10 mol% catalyst loading of the ester and amide reagents 2.25, 2.56, 2.56, and 2.60. 
Interestingly, the acid reagent 2.57 lead to the formation of the product (S)-2.71 in 
quantitative yield, albeit in poor stereoselectivity. The enantioselectivity was unsatisfactory 
for the five catalysts with a maximum of only 16% ee in case of the catalyst 2.56 (Table 2.4). 
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Table 2.4. Catalytic stereoselective α-oxytosylation of propiophenone using chiral iodoarenes 2.28, 
2.56, 2.57, 2.59, and 2.60. 
 
Entry Hypervalent iodine reagent 2.71 (Yield%) 2.71 (ee%) 
1 
 
70 12 
2 
 
65 16 
3 
 
98 7 
4 
 
70 13 
5 
 
67 2 
 
It’s noteworthy that the previously reported stereoselectivities of this type of transformations 
are usually low to moderate, which might be attributed to the formation of the α-
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oxytosylation product through SN2′-type reductive elimination of intermediate iodine(III) 
species (Int-I) bound to the oxygen of the enol tautomer of the carbonyl starting material. 
Hence, the enantioselectivity of this reaction could be enhanced by preventing the formation 
of Int-I type intermediate by using enol esters as starting materials instead of their 
corresponding carbonyl substrates (Scheme 2.14).[48] Using enolesters, Legault et al.[48] 
reported high levels of enantioselectivity of α-tosyloxy ketones using chiral hypervalent 
iodine reagents under stochiometric and catalytic conditions.  
 
Scheme 2.14. Alternative strategy for α-oxytosylation of carbonyl compounds. 
Replacing propiophenone by its corresponding enol acetate 2.72 and applying Legault 
reaction conditions using chiral iodoarenes 2.28, 2.56, 2.57, 2.59, and 2.60 led to the 
formation of the product (S)-1-oxo-1-phenylpropan-2-yl 4-methylbenzenesulfonate (2.71) 
with better enantioselectivity reaching 79% ee (table 2.5). 
Table 2.5: Catalytic stereoselective α-oxytosylation of propiophenone enol acetate using chiral 
iodoarenes 2.28, 2.56, 2.57, 2.59, and 2.60. 
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Entry Hypervalent iodine reagent 2.71 (Yield%) 2.71 (ee%) 
1 
 
55 65 
2 
 
64 67 
3 
 
59 65 
4 
 
69 79 
5 
 
66 75 
 
2.2.2.5. Catalytic phenol dearomatisation 
The phenol dearomatisation is not a very good reaction to test the stereoselectivity of chiral 
hypervalent iodine reagents because the formed stereogenic centre in the product is usually 
para to the phenol group where the iodine(III) interacts and hence the chiral environment is 
relatively far away from the reaction site, however, our aim of looking at such a typical 
reaction of hypervalent iodine reagents is to get more information about the reactivity of the 
newly synthesised chiral iodoarenes and their potential as more reactive organocatalysts.  The 
oxidative dearomatisation of 2,4-dimethylphenol (2.73) was chosen as model reaction 
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applying the literature reaction condition,[51] but using the chiral iodoarenes 2.56, 2.57, 2.59 
and 2.60 in addition to 2.28 as a reference catalyst. The results (Table 2.6) show the 
formation of the desired product 2.74 in high yields (82% and 87%) using the catalysts 2.28 
and 2.56, respectively. The reactivity of the iodoarenes bearing acid 2.57 and amide moieties 
2.59 and 2.60 was lower where the product was formed in 71-51% yield. The 
enantioselectivity was poor (<10%) in all cases as expected. 
Table 2.6. Catalytic phenol dearomatisation using chiral iodoarenes 2.28, 2.56, 2.57, 2.59, and 2.60. 
 
Entry Hypervalent iodine reagent 2.74 (Yield%) 2.74 (ee%) 
1 
 
82 3 
2 
 
87 5 
3 
 
71 2 
4 
 
60 8 
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5 
 
51 4 
 
2.3. Conclusions and outlook 
The synthesis of novel electron deficient lactate-based chiral iodoarenes and hypervalent 
iodine reagents is described in this chapter. The reactivity and enantioselectivity of the new 
chiral iodine reagents were investigated using typical hypervalent iodine mediated 
enantioselective transformations such as the difunctionalisation of alkenes, spirolactonisation, 
oxidative rearrangement of alkenes, α-oxytosylation of ketones and phenol dearomatisation. 
In all cases the newly prepared iodine reagents showed either better or comparable reactivity 
and selectivity to that of the well-known previously prepared lactate-based chiral hypervalent 
iodine reagents, which could be attributed to the increase of the electrophilicity of the iodine 
centre as a result of the introduction of the electron-withdrawing trifluoromethyl group. 
Moreover, the new reagents bearing ester groups were more reactive and more selective 
compared to the ones bearing amide groups.  
It would be interesting to synthesise other electron-deficient chiral hypervalent iodine 
reagents bearing other electron withdrawing groups (Figure 2.9) and study the kinetics of 
typical hypervalent iodine mediated oxidative transformation such as diacetoxylation of 
styrene using the proposed reagents and comparing the results to the known reagents.  
 
Figure 2.9. Proposed electron-deficient chiral hypervalent iodine reagents.  
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3.1. Introduction 
3.1.1. Iodine reagents as organocatalysts 
Currently, the chemistry of hypervalent iodine reagents is a well-established field of organic 
chemistry due to their easy accessibility, mild reaction conditions and environmentally 
benign nature. Numerous hypervalent iodine reagents with diverse structural features have 
been synthesised and applied in a wide range of chemical transformations. Traditionally, 
hypervalent iodine reagents were mainly used as oxidants or co-oxidants in stoichiometric 
amounts in oxidative transformations, which is considered as a limitation. Although the 
reactivity patterns of hypervalent iodine reagents are similar to those of the transition metal 
complexes, the catalytic applications of hypervalent iodine reagents have been less developed 
compared to their transition metal counterparts.[1–5]  
One of the most impressive advancements in the field of hypervalent iodine chemistry is the 
discovery of catalytic cycles based on hypervalent iodine reagents. Excluding Fuchigami and 
Fujita’s report[6] in 1994 on the catalytic gem-difluorination of dithioacetals using 
electrochemically generated hypervalent iodine reagents, one could date the catalytic 
applications of the hypervalent iodine reagent to the year 2005, where the groups of Kita,[7] 
Vinod,[8] and Ochiai[9] independently published their seminal work on chemical 
transformations catalysed by hypervalent iodine reagents. Later on, the reports on the 
catalytic applications of hypervalent iodine reagents witnessed a burst and covered almost all 
the chemical space of the hypervalent iodine chemistry.[3,10–15] 
3.1.2. Iodide salts as precatalysts 
Molecular iodine and simple iodide salts such as KI, NaI, and quaternary ammonium iodides 
can be transformed into hypervalent iodine species upon treatment with suitable oxidants and 
hence they found several applications as precatalysts for hypervalent iodine mediated 
transformations.[16,17] α-Alkoxylation[18] and α-tosylation[12] of ketones were achieved in 
moderate to high yields using such catalytic systems (Scheme 3.1). 
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Scheme 3.1. Catalytic α-oxygenation of ketones using iodides as precatalysts 
Quaternary ammonium iodides such as tetrabutylammonium iodide (TBAI) are more widely 
used as precatalysts compared to alkali iodides, which might be attributed to their better 
solubility in organic solvents. In addition, chiral ammonium iodides can be used in catalytic 
stereoselective transformations.[19] Some representative examples of the synthetic 
applications of quaternary ammonium iodides as precatalysts are depicted in Scheme 3.2.[20–
22] 
 
Scheme 3.2. Quaternary ammonium iodides as precatalysts. 
Enantioselective cycloetherification of ketophenols 3.12 into their corresponding chiral 2-
acyl-2,3-dihydrobenzofuran derivatives 3.14 (Scheme 3.3) is an impressive catalytic 
application of iodide salts with chiral quaternary ammonium counter ions (3.13) reported by 
Ishihara et al.[19]   
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Scheme 3.3. Chiral quaternary ammonium iodide salts as organocatalysts. 
3.1.3. Iodoarenes as precatalysts 
Catalytic cycles based on organic iodine(III) and iodine(V) reagents generated in situ from 
iodoarenes and suitable terminal oxidants have found diverse synthetic application in the field 
of hypervalent iodine chemistry. Catalytic difunctionalisation of olefins using iodoarene as 
precatalysts has been extensively studied.[11] Catalytic dioxygenation (3.16),[23–27] 
diamination (3.18),[28–30] difluorination (3.20),[31–35] and aminofluorination (3.20b and 
3.20c)[36–38] were all achieved in high yields and high degrees of stereoselectivity (Scheme 
3.4). 
 
Scheme 3.4. Catalytic difunctionalisation of olefins using aryl iodides as precatalysts. 
Efficient catalytic protocols of the hypervalent iodine mediated phenol dearomatisation, 
lactonisation, and lactamisation were developed and improved over years by several research 
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groups worldwide. A wide range of iodoarenes, from simple iodobenzene derivatives to more 
complex chiral molecules such as compounds 3.23-3.27, were successfully used as 
precatalysts to achieve such transformations in racemic as well as asymmetric manner with 
high degree of chemo and stereoselectivity.[39–44] 
 
Scheme 3.5. Some examples of chiral iodoarene precatalysts of different classes applied in                                   
phenol dearomatisation / spirolactonisation reaction. 
Furthermore, the construction of heterocycles of different classes such as carbazoles, 
benzimidazoles, pyrazoles, oxazoles, thiadiazoles, and many others is another area of the 
successful application of catalytic cycles based on iodine(III) reagents.  Some illustrative 
examples are shown in Scheme 3.6.[45–48] 
 
Scheme 3.6. Some illustrative examples of catalytic heterocyclisation reactions                            
mediated by hypervalent iodine reagents. 
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Catalytic applications of hypervalent iodine reagents are not limited to the in situ generation 
of iodine(III) reactive species, catalytic cycles based on iodine(V) reactive species are also 
well-known.[49–52] In a recent report Powers et al.[53] reported the in situ generation of several 
Dess-Martin periodinane (DMP) analogues using several iodoarenes as precatalysts and 
reactive oxidants generated during aldehyde autoxidation using oxygen as the terminal 
oxidant. The aerobically generated iodine(V) species showed similar behaviour to DMP, and 
catalytic oxidation of primary and secondary alcohols, diols, and amino compounds was 
successfully achieved (Scheme 3.7).  
 
Scheme 3.7. Aerobically generated Dess–Martin periodinane analogue. 
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3.2. Results and discussion 
3.2.1. Stereoselective catalytic oxidative rearrangement of alkenes 
α-Aryl carbonyl compounds are highly desirable compounds, especially for the 
pharmaceutical industry.[54] A range of transition metal catalysed cross-coupling and 
intermolecular arylation methods have been developed by several research groups (Scheme 
3.8a).[55–63] Our group previously reported a highly efficient metal free synthesis of α-aryl 
carbonyl compounds through the oxidative rearrangement of olefins mediated by hypervalent 
iodine reagents (Scheme 3.8b,c).[64,65] The aim of this work is to develop a catalytic protocol 
for the oxidative rearrangement of olefins using chiral iodoarenes as organocatalysts (Scheme 
3.8d).   
 
Scheme 3.8. Synthetic strategies of α-aryl ketones. 
 
3.2.2. Synthesis of the olefinic substrates 
The olefinic substrates 3.40a-n were synthesised in good to high yields via Wittig reaction 
between the ketone derivatives 3.38 and the appropriate phosphonium salts 3.39 (Scheme 
3.9).[65] After purification, when the olefinic products gave a mixture of E and Z isomers, they 
were used in the next step without isolation. The E/Z ratio was determined by 1H NMR of the 
purified products. 
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Scheme 3.9. Synthesis of olefinic substrate via Wittig reaction. 
 
3.2.3. Synthesis of the chiral iodoarene catalysts 
The chiral iodoarene catalysts used in this study were synthesised according to the pathway 
depicted in Scheme 3.10. All the catalysts were synthesised starting with the resorcinol 
derivatives 3.41. The iodoarene building blocks 3.42 were obtained from resorcinol 
derivatives 3.41 via electrophilic aromatic substitution with molecular iodine. The chirality 
was introduced into the core structure 3.42 by incorporating a lactate ester moiety via 
Mitsunobu reaction in excellent yields leading to the C2-symmetric chiral iodoarene catalysts 
3.44 bearing ester groups. Basic hydrolysis of the esters 3.44 to the corresponding carboxylic 
acids 3.45 followed by activation to the corresponding acid chlorides and treatment with the 
appropriate amines furnished another set of C2-symmetric chiral iodoarenes 3.46 bearing 
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amide groups. The overall yields of all the synthesised chiral iodoarenes were satisfactory 
ranging from 35% to 70%.   
 
Scheme 3.10. Synthesis of the chiral iodoarene catalysts. [a] Compound 3.44d was borrowed 
from my colleague Dr Wen-Chao Gao. 
 
3.2.4. Screening of reaction conditions 
To probe the possibility of performing the hypervalent iodine mediated oxidative 
rearrangement of alkenes catalytically and to get insights on the reaction conditions, the 
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catalytic oxidative rearrangement of alkene 3.40a was probed using iodide salts such as 
Bu4NI and KI as catalysts and hydrogen peroxide and Oxone
® as terminal oxidants. The 
primary results (Table 3.1) showed that hydrogen peroxide (entry 1) did not lead to the 
formation of the desired product 3.47, while Oxone® led to the desired product (entries 2-4). 
Bu4NI was a more efficient catalyst than KI. Increasing the amount of Bu4NI from 10 mol% 
(entry 2) to 20 mol% (entry 3) led to improvement of the yield of the desired product 3.47 
from 34% to 87%.  
Table 3.1. Preliminary experiments using iodide salts as catalysts 
 
Entry Catalyst Oxidant Yield % (3.47a) 
1 Bu4NI (10 mol%) H2O2 (2 eq.) ---- 
2 Bu4NI (10 mol%) Oxone® (1.5 eq.) 34%  
3 Bu4NI (20 mol%) Oxone® (1.5 eq.) 87%  
4 KI (20 mol%) Oxone® (1.5 eq.) 56% 
 
With the promising primary results of the catalytic oxidative rearrangement of alkene 3.40a 
in hand, the stereoselective catalytic oxidative rearrangements of alkenes using chiral 
iodoarenes 3.46 as catalysts were studied in detail. Different reaction parameters such as the 
catalyst structure, catalyst loading, terminal oxidant, and temperature were studied using the 
alkene 3.40a as a model substrate. 
3.2.4.1. Catalyst screening 
The catalytic oxidative rearrangement of the model substrate 3.40a was investigated using 20 
mol% of the chiral esters 3.44a-d, carboxylic acids 3.45a-c and amides 3.46a-f in the 
presence of one equivalent m-chloroperbenzoic acid (mCPBA) as the terminal oxidant.  
The results (Table 3.2) showed the formation of the desired α-aryl ketone 3.47a in all cases 
along with the undesired ketone 3.48. The formation of ketone 3.48 could be attributed to the 
background reaction between the olefinic substrate 3.40a and the terminal oxidant (mCPBA). 
Most iodoarene catalysts were able to give the α-aryl ketone 3.47a with reasonable degree of 
enantioselectivity. The highest asymmetric induction (73%-78% ee) was observed in the case 
of the catalysts 3.46c, 3.45a and 3.45c (Table 3.1, entries 9, 15 and 17), but the yields of the 
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desired product, the ketone 3.47a were lower than 20% in all cases. The low yields are due to 
the predominance of the background reaction that lead to the isolation of the undesired ketone 
3.48 in yields higher than the desired ketone (60% in case of catalyst 3.46c, entry 9). The 
catalysts 3.44a, 3.44c and 3.44d also led to the formation of ketone 3.47a with good degree 
of stereoselectivity (67-70% ee) (Table 1, entries 1, 7, 10), but the background reaction 
between the terminal oxidant and the olefinic substrate is still the main reaction and lead to 
the formation of the ketone 3.48 in 29-45% yield.  
The best results were obtained using catalyst 3.44b (Table 1, entry 3), where the desired α-
aryl ketone 3.47a was formed as the major product and isolated in 41% yield, while the 
undesired ketone 3.48 was formed as a minor product and isolated in 13% yield. The results 
reveal that the formation of the undesired ketone 3.48 due to the direct oxidation of the 
olefinic substrate 3.40a with mCPBA is the predominant reaction pathway in all cases except 
the case of catalyst 3.44b where its oxidation to the corresponding reactive hypervalent 
iodine species predominates leading to the formation of the rearranged α-aryl ketone 3.47a as 
a major product. The predominance of the oxidation of catalyst 3.44b could be attributed to 
the presence of the methyl group para to the iodine centre which makes the aromatic ring 
more electron rich, hence rendering the iodine centre easier to oxidise. The poor reaction 
outcome in case of the other iodoarene catalysts bearing methyl group para to the iodine 
centre such as compounds 3.46b and 3.46e could be attributed to the size of the side arms 
which are bulkier than the side arms of the catalyst 3.44b. Performing the reaction at 0 oC did 
not lead to a significant enhancement of the enantioselectivity and led to a slight decrease of 
the yield of the desired product 3.47a (table 3.2 entries 2 and 4).  
Increasing the catalyst loading from 20 mol% to 40 mol% did not lead to a significant 
enhancement of the reaction outcome while lowering the catalyst loading to 10 mol% led to 
the drop of the yield of the desired ketone 3.47a to 32% and increase of the yield of the 
undesired ketone 3.48 to 17% (table 3.2, entries 5 and 6). Generally, the iodoarene catalysts 
bearing ester groups side chains 3.44a-d gave higher stereoselectivity than the catalysts 
bearing amide side chains 3.46a-f. In view of the above results the chiral iodoarene catalyst 
3.44b (20 mol%) was the catalyst of choice for further optimisations of the reaction 
conditions. 
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Table 3.2. Catalyst screening 
 
Entry Ar*I Yield% (3.47a) ee% (3.47a) Yield% (3.48) 
1 3.44a 21 70 29 
2a 3.44a 19 70 26 
3 3.44b 41 69 13 
4a 3.44b 37 70 11 
5b 3.44b 43 71 10 
6c 3.44b 32 69 17 
7 3.44c 11 70 40 
8 3.46f 7 45 49 
9 3.46c 6 73 60 
10 3.44d 15 67 45 
11 3.46e 13 30 26 
12 3.46b 15 57 45 
13 3.46a 18 61 40 
14 3.46d 16 59 46 
15 3.45a 17 78 27 
16 3.45b 23 57 24 
17 3.45c 18 78 21 
a Temperature = 0 oC; b 3.44b (40 mol%); c 3.44b (10 mol%). 
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3.2.4.2. Oxidant screening 
The catalytic oxidative rearrangement of the model olefinic substrate 3.40a was investigated 
using several terminal oxidants in the presence of 20 mol% of the chiral iodoarene catalyst 
3.44b. The outcome of the reaction was largely dependent on the nature and the amount of 
the stoichiometric oxidant. The results (Table 3.3) revealed that in case of using one or five 
equivalents of hydrogen peroxide (H2O2), tert-butyl hydroperoxide (TBHP), or sodium 
perborate trihydrate (NaBO3·3H2O), there was no reaction at all, and the starting material was 
recovered unaffected (Table 3.3, entries 1-3). Using peracetic acid (1 eq.), the desired α-aryl 
ketone 3.47a was not observed in the 1H NMR of the crude reaction mixture, but the ketone 
3.48 was the only observed product (13%) (Table 3.3, entry 4). Increasing the amount of 
peracetic acid to 5 equivalents (table 3.3, entry 5) led to the formation of benzophenone 
(3.49) in 32% yield in addition to 2% of the ketone 3.48 without the formation of the desired 
ketone 3.47a. Although, using Oxone® as a terminal oxidant with iodide salts as catalysts led 
to the formation of racemic 3.47a in good yields (table 3.1), it was not efficient in oxidizing 
the chiral iodoarene catalyst 3.44b and the desired product 3.47a was obtained in only 6% 
yield (Table 3.3, entry 6). Using Selectfluor® (1, 1.5, 2 and 5 equivalents) led to the formation 
of the desired ketone in good enantioselectivity (66-68% ee), but in low yields (18% to 21%) 
along with the oxyfluorination[66,67] products 3.50 and 3.51 (Table 3.3, entries 7, 11, 13, and 
15). The formation of compounds 3.50 and 3.51 could be attributed to the background 
reaction between the olefinic substrate 3.40a and Selectfluor®. The best results were obtained 
using one equivalent of mCPBA as a terminal oxidant (Table 3.3, entry 8), where the isolated 
yields of the rearranged α-aryl ketone 3.47a was obtained in 41% yield and 69% ee. 
Increasing the amount of mCPBA to 1.5, 2 and 5 eq. (Table 3.3, entries 10, 12, and 14) led to 
reduction in the yield of the desired ketone 3.47a and the increase of the amount of ketone 
3.48 and benzophenone (3.49). Addition of TMSOTf (40 mol%) did not result in 
enhancement of the reaction outcome (table 3.3, entry 9). The results obtained with the 
conditions used previously in the catalyst screening could not be improved, therefore, 
mCPBA (1 equivalent) was chosen as the terminal oxidant for the further investigations of the 
reaction. 
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Table 3.3. Oxidant screening 
[a] TMSOTf (40 mol%) 
3.2.4.3. Control experiments 
To obtain a better understanding of the reaction, especially the formation of the side products, 
some control experiments were performed in the absence of the iodoarene catalyst to 
investigate the background reactions between the olefinic substrate 3.40a and the terminal 
oxidant (Scheme 3.11). Treatment of the olefin 3.40a with one equivalent of mCPBA led to 
the formation of the unrearranged ketone 3.48 in 71% yield (Scheme 3.11a). Increasing the 
amount of mCPBA to 5 equivalents led also to the formation of ketone 3.48 in 15% yield 
along with benzophenone in 31% yield (Scheme 3.11b). Replacing mCPBA with 
Selectfluor® (1 equivalent) led to the oxyfluorination products 3.50 and 3.51 in 40% 
Entry Oxidant 
Yield % 
ee% 
(3.47a) 
3.47a 3.48 3.49 3.50 3.51  
1 H2O2 (1 or 5 eq.) ---- ----- ----- ----- ---- ----- 
2 TBHP (1 or 5 eq.) ---- ----- ----- ----- ---- ----- 
3 NaBO3·3H2O (1or5 eq.) ---- ----- ----- ----- ---- ----- 
4 Peracetic acid (1 eq.) 0 13 0 ---- ---- ---- 
5 Peracetic acid (5 eq.) 0 2 32 ---- --- ---- 
6 Oxone® (1 eq.) 6 5 2 ---- ---- 56 
7 Selectfluor® (1 eq.) 21 2 ----- 23 17 66 
8 mCPBA (1 eq.) 41 13
 0 ----- ---- 69 
9[a] mCPBA
 (1 eq.) 37 21
 0 ----- ---- 70 
10 mCPBA (1.5 eq.) 39 19 14 ----- ---- 67 
11 Selectfluor® (1.5 eq.) 19 2 ----- 26 14 66 
12 mCPBA (2 eq.) 38 15 13 --- ---- 68 
13 Selectfluor® (2 eq.) 20 1 ---- 28 11 68 
14 mCPBA (5 eq.) 26 35 11 ----- ---- 71 
15 Selectfluor® (5 eq.) 18 2 ----- 33 10 67 
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combined yield (Scheme 3.11c). The desired α-aryl ketone 3.47 was not observed in the 
absence of the iodoarene catalyst, indicating that the rearrangement of the olefinic substrate 
to the α-aryl ketone product is mediated by a hypervalent iodine species. 
 
Scheme 3.11. Control experiments. 
3.2.5. Reaction mechanism 
In view of the results of the control experiments (scheme 3.11) and the reaction mechanism 
of the oxidative rearrangement of olefins using pre-prepared hypervalent iodine reagents as 
stoichiometric oxidants[65] the catalytic cycle depicted in Scheme 3.12 was proposed. The 
catalytic cycle starts with the oxidation of the iodoarene catalyst (3.44 or 3.46) to the 
corresponding hypervalent iodine species 3.52, which undergoes a ligand exchange with the 
olefinic substrate 3.40 to form the intermediate species 3.53. Methanol acts as a nucleophile 
and attacks the electrophilic species 3.53 leading to 3.54 which undergoes a reductive 
elimination triggered by aryl migration leading to the formation of the desired product 3.47 
and the regeneration of the iodoarene catalyst. 
Jihan Qurban                                    Chapter 3: Catalytic oxidative rearrangement of alkenes 
__________________________________________________________________________________ 
63 
 
 
Scheme 3.12. A proposed catalytic cycle for the oxidative rearrangement of olefins into α-
aryl ketones. 
3.2.6. Substrate scope 
With the optimised reaction conditions in hand, the scope of the catalytic oxidative 
rearrangement of olefins into α-aryl ketones was investigated using different olefinic 
substrates, varying the electronics and sterics around the double bond (Scheme 3.13). 
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Scheme 3.13. Substrate scope of the catalytic oxidative rearrangement of alkenes. 
The results showed that in all cases the desired α-aryl ketone products were obtained in 
moderate yields (28% to 48%) except for the ketone 3.47f bearing the electron withdrawing 
CF3 groups in the aromatic rings which was isolated in low yield (18%) and the ketone 3.47n 
bearing the electron rich naphthyl moiety which was isolated in good yield (66%). In all the 
cases of substrates that have two different groups that can migrate, only the products that 
arise from the migration of the more electron rich group where observed (3.47h and 3.47k- 
3.47n), which agrees with the involvement of cationic intermediates in the rearrangement 
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step. The enantiomeric excess of the resulted α-aryl ketones ranged from very low values 7%, 
12%, and 15% in case of 3.47k, 3.47n, and 3.47m, respectively, and excellent values 95%, 
93% and 91% in case of 3.47b, 3.47h and 3.47e, respectively. The %ee of all the other 
products were moderate to good ranging from 22% to 76%. Only product 3.47i was obtained 
as a racemic mixture, a result that was observed previously using pre-prepared hypervalent 
iodine reagents in stoichiometric amounts.[65] All the olefinic substrates having two aromatic 
moieties around the double bond except 3.40f and 3.40i led to the corresponding α-aryl 
ketones 3.47a-j with higher degree of enantioselectivity compared to the olefinic substrates 
bearing one aromatic moiety only on the double bond. The major enantiomer of all products 
was assigned the (R) configuration by comparing the optical rotation values with those 
reported in literature.[65] 
3.3. Conclusions and outlook 
In conclusion, a catalytic protocol for the stereoselective oxidative rearrangement of alkenes 
to the corresponding α-aryl ketones mediated by hypervalent iodine reagents has been 
developed. A wide range of chiral iodoarene catalysts was screened, and catalyst 3.44b was 
the most effective one. In addition, among all the screened terminal oxidants, mCPBA proved 
to be the optimum for this transformation. Under the optimised reaction conditions, several 
olefinic substrates with various structural features were successfully transformed to the 
corresponding α-aryl ketones. The enantioselectivity of the transformation varied between 
excellent (> 90% ee) for some substrates and low (< 20% ee) for some other substrates. The 
reaction yield was generally moderate due to a background reaction between the olefinic 
substrates and the terminal oxidant.  
Further investigations to supress the background reaction could improve the reaction yield 
and make the process more practical. As the relatively electron-rich iodoarene 3.44b was the 
most efficient catalyst, synthesis of more electron-rich iodoarenes (Figure 3.1) might result in 
improvement of the reaction outcome.  
 
Figure 3.1. Proposed electron-rich chiral iodoarene catalysts. 
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4.1. Introduction 
Hypervalent iodine reagents are versatile oxidants, widely used in synthetic organic 
chemistry.[1–3] Oxidative couplings,[4–6] phenol dearomatisations,[7,8] oxidative formation of 
heterocycles,[9–12] aminations,[13,14] halogenations,[15–17] arylations,[18–20] and 
rearrangements[21–24] are some synthetic applications of the wide spectrum of hypervalent 
iodine chemistry. The widespread of hypervalent iodine reagents in synthetic organic 
chemistry is due to their environmentally benign nature, easy availability, and versatility, in 
addition to mild reaction conditions. However, the synthesis of hypervalent iodine reagents 
relies mainly on chemical oxidation of iodine(I) compounds. Hence, large amounts of 
expensive and/or hazardous chemical oxidants[25] are consumed and a lot of waste is 
produced in order to obtain the benign hypervalent iodine reagents. Electrochemical synthesis 
of hypervalent iodine compounds via the anodic oxidation of iodine(I) counterparts 
represents a promising and more sustainable alternative approach.[26,27] Undeniably, organic 
electrochemistry[28–34] is witnessing a resurgence and is gaining more and more popularity. 
The inherent eco-friendly nature of the electrochemical methods (due to using electric current 
instead of oxidizing and reducing agents), in addition to scalability, mild conditions, and 
chemoselectivity are the key factors that make electrochemical methods attractive alternatives 
to the conventional organic synthesis techniques.  
 
4.1.1. Anodic oxidation of iodoarenes 
 
Recently, an efficient continuous electrochemical generator of hypervalent iodine reagents 
was developed in our laboratory.[27] The anodic oxidation of iodobenzene derivatives in 
fluorinated alcohols to the corresponding hypervalent iodine reagents was achieved under 
flow conditions using glassy carbon as anode and platinum as cathode (Scheme 4.1). 
Coupling the stream of the electrochemically generated hypervalent iodine reagents with a 
second stream of various substrates effected a wide range of oxidative transformations in a 
coupled flow / manner (Figure 4.1). Although, the generated hypervalent iodine reagents with 
ligands derived from fluorinated alcohols are not bench stable their utilisation immediately in 
flow is advantageous, in addition, they were easily transformed to the classical bench stable 
hypervalent iodine reagents via ligand exchange.  
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Scheme 4.1. Anodic oxidation of iodobenzene derivatives under flow conditions. (Reproduced from 
ref.[27] with kind permission from Wiley). 
 
 
Figure 4.1. Electrochemical generation / utilization of hypervalent iodine reagent under flow 
conditions. (Reproduced from ref.[27] with kind permission from Wiley). 
A simple protocol for the synthesis of diaryliodonium salts was also developed earlier in our 
laboratory[35] using our first-generation electrochemical flow cell[36–40]. Injecting the 
substrates (iodoarene/arene) solution in MeCN/Ac2O/H2SO4 mixture through the reactor inlet 
(80 μL/min), while applying a constant current (30 mA) led to the formation of 
diaryliodonium salts that are precipitated in the form of iodides upon treatment with 
potassium iodide, and collected by simple filtration (Scheme 4.2). The diaryliodonium salts 
4.5 were obtained in modest to good yields (18 – 72%). The method is operationally simple 
and highlighted the feasibility of using electrolysis under flow conditions in iodine chemistry. 
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Scheme 4.2. Electrochemical synthesis of iodonium salts 4.5 in flow.[35] 
Synthesis of diaryliodonium salts via anodic oxidation in batch electrolysis was first 
described by Miller and Hoffmann in 1966.[41] Later on, after Miller and Hoffmann’s report 
by about 35 years, Peacock and Pletcher [42,43] proved the synthetic feasibility and generality 
of the electrochemical generation of iodonium salts in batch-type cells. 
4.1.2. Anodic oxidative heterocyclizations mediated by hypervalent iodine reagents 
The electrochemically generated hypervalent iodine reagent [bis(trifluoroethoxy)-
iodo]benzene 4.2b (Figure 4.2) was developed as an alternative to the commercially available 
reagents such as (diacetoxyiodo)benzene (PIDA) and [bis(trifluoroacetoxy)iodo]benzene 
(PIFA) by the Nishiyama group.[44,45]  
 
Figure 4.2. Electrochemical generation of the hypervalent iodine reagent (PIFE).[44] (Reproduced 
from ref.[26] with kind permission from Wiley). 
The reactivity of 4.2b (Scheme 4.3) is comparable and sometimes superior to PIDA and 
PIFA, which is illustrated by its successful applications in the construction of a variety of 
oxygen and nitrogen-containing scaffolds, natural products and the oxidation of the naturally 
occurring xanthone derivatives (Mangostins).[44–51] 
Jihan Qurban            Chapter 4: Indirect electrochemical oxidative rearrangement of alkenes 
__________________________________________________________________________________ 
 
 
74 
 
 
Scheme 4.3. Synthetic applications of the electrochemically generated hypervalent iodine reagent 
4.2b. 
A novel recyclable iodine(I)/iodine(III) redox mediator for electrosynthesis was developed by 
Francke and co-workers.[52] The iodine(I) precursor 4.13 was synthesised from iodobenzene 
in 45% yield over three steps. The tethered alkylammonium group eliminates the need of 
supporting electrolytes during electrolysis and made the recovery and recycling of 4.13 easy. 
The authors studied the anodic oxidation of the ionically tagged aryl iodide 4.13 in 
fluorinated alcohols and proved the formation of the corresponding hypervalent iodine 
reagents 4.14 and 4.15 (Figure 4.3).[52] 
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Figure 4.3. A iodine(I)/iodine(III) redox couple as a mediatory system for electrosynthesis.[52] 
(Reproduced from ref.[52] with kind permission from ACS publications) 
Application of the anodically generated hypervalent iodine reagent 4.15 in the indirect 
electrosynthesis of benzoxazoles 4.17, demonstrated its efficiency as an ex-cell mediator for 
oxidative transformations. The reaction proceeds smoothly and a wide range of 2-
(benzylideneamino)phenol substrates 4.16 were transformed into the corresponding 
benzoxazoles generally in good to excellent yields (Scheme 4.4)[53].  
 
Scheme 4.4. Indirect anodic synthesis of benzoxazoles 4.17.[53] (Reproduced from ref.[26] with kind 
permission from Wiley). 
Anodic oxidation of iodoarenes to the corresponding hypervalent iodine reagents is not 
limited to simple iodobenzene derivatives. Recently Wirth et al.[54] reported the 
electrochemical oxidation of chiral iodoarenes into the corresponding chiral hypervalent 
iodine reagents. The anodically generated chiral hypervalent iodine reagents were 
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successfully applied as in-cell mediators for the stereoselective spirolactonisation of various 
diketo acids (Scheme 4.5).   
 
Scheme 4.5. Enantioselective indirect electrochemical spirolactonisation.[54] 
4.1.3. Anodic fluorination mediated by hypervalent iodine reagents 
(Difluoroiodo)arenes ArIF2 are very useful fluorinating agents. But their direct preparation 
requires powerful fluorinating reagents, in addition their separation and crystallisation are 
very difficult as they are highly hygroscopic and easily hydrolysable compounds.[25] Hence, 
their electrochemical generation and their use as in-cell and ex-cell mediators for the indirect 
anodic fluorination of various classes of organic molecules attracted the attention of chemists 
for long time. In fact, the first electrochemical synthesis of (difluoroiodo)benzene (PhIF2) is 
dated back to the year 1960 when Schmidt and Meinert[55] reported its preparation via the 
electrolysis of acetonitrile solution of iodobenzene in the presence of silver fluoride that acted 
as a supporting electrolyte and as fluorine source.  In the 1990 the electrochemically 
generated (difluoroiodo)arenes were successfully used as mediators for the indirect anodic 
gem-difluorination of dithioketals.[56,57] The reaction was carried out both ex-cell and in-cell. 
The in-cell version of the reaction enabled the catalytic use of aryliodides, where the gem-
difluorinated products 4.22 were obtained in high yields using only 5 mol% of 4-iodoanisole 
(Scheme 4.6). 
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Scheme 4.6. Mechanism and scope of gem-difluorination of dithioketals. (Reproduced from ref.[26] 
with a kind permission from Wiley). 
Similarly, the valuable fluorinating agent, 4-iodotoluene difluoride (Tol-IF2) has been 
synthesised electrochemically and was successfully applied in the indirect anodic fluorination 
of β-dicarbonyl compounds as an in-cell mediator. [58]  Thus, the potentiostatic electrolysis 
(1.5 V vs Ag/Ag+) of a 1:1 mixture of 4-iodotoluene and β-dicarbonyl substrates 4.23 in 
Et3N•5HF in an undivided cell led to the α-fluoro-β-dicarbonyl products 4.24 in good yields 
(Scheme 4.7). Interestingly, the monofluorinated compounds 4.24a-e were obtained 
selectively as main products in good yields when unsubstituted β-dicarbonyl compounds 
were used as substrates. 
 
Scheme 4.7. Indirect anodic fluorination of β-dicarbonyl compounds. 
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Moreover, recyclable polystyrene-supported iodobenzene[59] 4.25 and a task-specific ionic 
liquid[60] 4.26 derived from iodophenol (Figure 4.4) were applied successfully in the indirect 
anodic fluorination reactions, facilitating the workup, recovery and reuse of the iodine 
mediators. 
 
Figure 4.4. Recyclable iodine mediators. 
Recently Waldvogel and co-workers[61] reported the synthesis of 2-oxazolines via fluorocyclization of 
N-allylcarboxamide mediated by electrochemically generated (difluoroiodo)arenes ArIF2 (Scheme 
4.8). 
 
Scheme 4.8. Indirect anodic fluorocyclisation of N-allylcarboxamides. (Reproduced from ref.[61] with 
a kind permission from ACS). 
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4.2. Results and discussion 
The investigation of the indirect anodic oxidative rearrangement of alkenes into the 
corresponding α-aryl ketones mediated by electrochemically generated hypervalent iodine 
reagents commenced with screening of chiral iodoarene precursors (Figure 4.5) applying the 
standard conditions of the indirect anodic spirolactonization of diketo acids (vide supra) 
previously developed in our laboratory.[54]  
 
Figure 4.5. Chiral iodoarene precursors. 
The results (Table 4.1) showed the formation of the desired α-aryl ketone 4.32a in all cases 
along with benzophenone (4.33). The desired product α-aryl ketone 4.32a was obtained with 
all the tested iodoarene catalysts.  The yield was very low in the case of catalysts 4.27 and 
4.30 (Table 4.1, entries 1,4), where the desired product was obtained in 10% and 20%, 
respectively, along with 20% and 12% of benzophenone, respectively. Both catalysts 4.28 
and 4.29 (Table 4.1, entries 2,3) led to the formation of 4.32a in 35% yield along with 
benzophenone, 8% and 16%, respectively. These results are in line with the structural 
features of the utilised iodoarenes, where the presence of electron-withdrawing groups in case 
of catalysts 4.27 and 4.30 should lead to increase of their oxidation potentials, which is 
reflected in the low yield of the product α-aryl ketone 4.32a that is formed through the I(III) 
mediated oxidative rearrangement of alkene 4.31a and the increase of the amount of 
benzophenone that is formed as result of the background direct electrochemical cleavage[62] 
of the starting alkene.  
In contrast to the results of the catalytic oxidative rearrangement of alkenes, discussed in the 
previous chapter (chapter 3), the more electron rich catalyst 4.28 led to the lowest 
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enantioselectivity (41 ee%) of the desired product 4.32a (Table 4.1, entry 2). The 
electron-deficient catalysts 4.27 and 4.30 led to the formation of the α-aryl ketone 4.32a with 
higher enantioselectivity, 50 and 52 ee%, respectively (Table 4.1, entries 1 and 4). The 
highest enantioselectivity (55 ee%) was obtained when using the catalyst 4.29 (Table 4.1, 
entry 3). In view of these results, catalyst 4.29 showed the highest reactivity and selectivity 
under the tested reaction conditions, hence it was chosen as the optimum catalyst to study 
other reaction parameters. 
Table 4.1: Catalyst screening 
 
Entry Ar*I 
4.32  4.33 
Yield% 
Yield% ee% 
1 4.27 10 50 20 
2 4.28 35 41 8 
3 4.29 35 55 16 
4 4.30 20 52 12 
 
After establishing the optimum chiral iodoarene catalyst, other reaction parameters, such as 
electrodes, solvents, supporting electrolyte and passed charge were investigated. The results 
(Table 4.2) showed that changing the anode material from platinum to carbon: graphite and 
glassy carbon lead to decrease in the yield of the desired product, where the α-aryl ketone 
4.32a was obtained in 19% and 23% yield, respectively (Table 4.2, entries 2,3). Therefore, 
platinum pair (anode and cathode) was chosen as the optimum electrode pair. Changing the 
supporting electrolyte from n-Bu4NBF4 to LiClO4 led to a decrease of the yield of 4.32a to 
20% (Table 4.2, entry 4), while, when Et4NCl was used as a supporting electrolyte (Table 
4.2, entry 5) the desired product 4.32a was not observed, only a trace amount of 
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benzophenone was noticed in the crude 1H NMR. Hence, n-Bu4BF4 was used as the 
supporting electrolyte for the subsequent experiments.  
Changing the solvent from 2,2,2-trifluoroethanol (TFE) to 1,1,1,3,3,3-hexafluoro-2-propanol 
(HFIP) or acetonitrile (MeCN) did not lead to the formation of the desired product 4.32a 
(Table 4.2, entries 6,7). Using a mixture of TFE and dichloromethane (8:2) led to the 
formation of 4.32a in a lower yield (10%) (Table 4.2, entry 8). The aforementioned 
observations of the results of the solvent screening experiments are in agreement with what 
was previously observed for the indirect anodic spirolactonisation of diketo acids (vide supra) 
previously developed in our laboratory.[54] Hence TFE was chosen as the optimum solvent for 
the reaction. As the stereoselectivity is usually enhanced by lowering the temperature the 
reaction was performed at 0 oC and -20 oC instead of room temperature (Table 4.2, entries 
9,10). At 0 oC the α-aryl ketone 4.32a was formed in lower yield (10%) without any impact 
on the enantioselectivity (54 ee%). Doing the reaction at -20 oC led to enhancement of the 
enantioselectivity, where the product 4.32a was formed in 63 ee%, but in only 5% yield. 
Increasing the iodoarene from 1.0 equivalent to 1.2 equivalent didn’t lead to a significant 
improvement of the reaction yield (Table 4.2, entry 11). On the other hand, decreasing the 
amount of the iododoarene 4.29 to 0.5 equivalent (Table 4.2, entry 12) led to a significant 
reduction in the reaction yield where the desired α-aryl ketone 4.32a was formed in only 10% 
yield. Increasing the passed charge from 2.6 F to 2.8 F led to the slight increase of the 
reaction yield from 35% to 38% (Table 4.2, entry 13), but any further increase of charge 
beyond 2.8 F didn’t lead to any improvement of the reaction yield (Table 4.2, entries 14,15). 
In contrast to the results of oxidative rearrangement of alkenes using stochiometric amounts 
of hypervalent iodine reagent[23] or catalytic amounts of chiral iodoarene (presented in 
chapter 3), addition of methanol to the electrolysis mixture led to reduction of the reaction 
yield (Table 4.2, entries 16, 17).  
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Table 4.2: Optimisation of reaction parameters 
 
Entry Solvent Anode 
Supporting 
Electrolyte 
Charge Temp. 
4.32 4.33 
Yield% Yield% ee% 
1 TFE Pt n-Bu4NBF4 2.6 F rt 35 55 16 
2 TFE graphite n-Bu4NBF4 2.6 F rt 19 53 10 
3 TFE GC n-Bu4NBF4 2.6 F rt 23 51 7 
4 TFE Pt LiClO4 2.6 F rt 20 26 6 
5 TFE Pt Et4NCl 2.6 F rt --- --- trace 
6 HFIP Pt n-Bu4NBF4 2.6 F rt trace --- 14 
7 MeCN Pt n-Bu4NBF4 2.6 F rt --- --- 11 
8 
TFE:DCM 
(8:2) 
Pt n-Bu4NBF4 2.6 F rt 10 45 7 
9 TFE Pt n-Bu4NBF4 2.6 F 0 
oC 10 54 5 
10 TFE Pt n-Bu4NBF4 2.6 F -20 
oC 5 63 4 
11[a] TFE Pt n-Bu4NBF4 2.6 F rt 42 55 15 
12[b] TFE Pt n-Bu4NBF4 2.6 F rt 10 54 19 
13 TFE Pt n-Bu4NBF4 2.8 F rt 38 55 15 
14 TFE Pt n-Bu4NBF4 3.0 F rt 36 54 17 
15 TFE Pt n-Bu4NBF4 3.5 F rt 35 55 17 
16[c] TFE Pt n-Bu4NBF4 2.6 F rt 15 n.d 19 
17[d] TFE Pt n-Bu4NBF4 2.6 F rt 13 n.d 22 
[a] 4.29 (1.2 equiv.); [b] 4.29 (0.5 equiv.); [c] MeOH (3 equiv.) was added; [d] MeOH (8 equiv.) was added; GC 
= glassy carbon; n.d = not determined. 
In view the above results, the optimum reaction conditions were determined as following 
(Table 4.2, entry 13):  
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Electrodes: Pt (anode) and Pt (Cathode) 
Charge: 2.8 F 
Solvent: TFE 
Supporting electrolyte: n-Bu4NBF4 (0.05 M) 
Temperature: room temperature 
Chiral iodoarene: 4.29 (1.0 equivalent) 
4.2.1. Control Experiments 
To get more insights into the reaction, some control experiments have been carried out. 
Performing the electrolysis in the absence of the iodoarene applying the condition of entry 1 
of table 4.2 (Scheme 4.9) led to the formation of benzophenone in 30% yield without the 
detection of the desired α-aryl ketone 4.32a. Repeating the same experiment exactly, but at 0 
oC led to the formation of benzophenone in lower yield (15%). 
 
Scheme 4.9. Control experiments; the electrolysis in the absence of iodoarene. 
The above control experiments show clearly that benzophenone is formed as a result of the 
background direct electrochemical cleavage[62] of the starting alkene. The electrochemical 
cleavage of alkenes to the corresponding ketones or acetals requires the presences of water 
and alcohol respectively. This is a two-step process; where vicinal dioxygenation of olefinic 
double bond takes place first followed by the cleavage of the C-C -bond of the formed 
dioxygenated species (Scheme 4.10).[62]   
 
Scheme 4.10. Electrochemical cleavage of the alkenes. 
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The electrolysis of the chiral iodoarene 4.29 applying conditions of entry 1 (Table 4.2), but in 
the absence of the olefinic substrate was performed and monitored by 1H NMR. The results 
showed that the conversion of iodoarene 4.29 to the corresponding iodine(III) species 
increases with time (with the passed charge) as expected, but interestingly, it reached a 
maximum of (40%) after 60 min (2.6 F) after which the conversions started to decline and 
only the starting material 4.29 was present after 90 min (3.9 F).1 This behaviour of the anodic 
oxidation of the iodoarene mediator explains the low yield of the desired α-aryl ketone 4.32a 
when the electrolysis is done in the presence of the olefinic substrate.  
4.2.2. Cyclic voltammetry 
More understanding of the reaction could be obtained via cyclic voltammetry studies. Hence, 
cyclic voltammetry measurements of the chiral iodoarenes 4.27-430 (Figures 4.6 and 4.7) 
showed a strong relation between the oxidation potential and the observed reactivity of 
compounds 4.27-430 (Table 4.1). The more electron rich reagents 4.28 and 4.29 that gave the 
highest product yields (35%) showed relatively lower oxidation potentials, 1.86 V and 2.00 V 
respectively, compared to the electron-deficient reagents 4.27 and 4.30 that showed oxidation 
potentials of 2.35 V and 2.15 V respectively, and led to the formation of the product 4.32a in 
10% and 20% respectively. In addition, the cyclic voltammetry of the olefinic substrate 4.31a 
(Figure 4.8) showed oxidation potential of 2.15 V which is in the same range of the oxidation 
potentials of the chiral iodoarenes 4.27-430, which could explain the background direct 
anodic oxidation of the olefinic substrate 4.31a.  It is noteworthy that the oxidation potential 
of the chiral iodoarene 4.28 (1.86 V) is very close to the reported oxidation potential of 
iodobenzene (1.80 V).[27] 
                                                          
1 This observation was also observed during the anodic oxidation of a new class of permanently charged 
iodoarenes developed in our laboratory (Bethan Winterson and Thomas Wirth, unpublished results). 
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Figure 4.6. Cyclic voltammograms of compounds 4.27 (a) and 4.28 (b). Oxidative cyclic 
voltammograms of the substrates (2 mM) measured in acetonitrile containing 0.1 M of Bu4NClO4 at 
100 mV/s scan rate. Working electrode: glassy carbon (3 mm diameter); Platinum wire as a counter 
electrode and Ag/AgCl in 3M NaCl as a reference electrode. 
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Figure 4.7. Cyclic voltammograms of compounds 4.29 (a) and 4.30 (b). Oxidative cyclic 
voltammograms of the substrates (2 mM) measured in acetonitrile containing 0.1 M of Bu4NClO4 at 
100 mV/s scan rate. Working electrode: glassy carbon (3 mm diameter); Platinum wire as a counter 
electrode and Ag/AgCl in 3M NaCl as a reference electrode. 
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Figure 4.8. Cyclic voltammograms of compounds 4.31 (a) and a mixture of 4.31 and 4.29 (b). 
Oxidative cyclic voltammograms of the substrates (2 mM) measured in acetonitrile containing 0.1 M 
of Bu4NClO4 at 100 mV/s scan rate. Working electrode: glassy carbon (3 mm diameter); Platinum 
wire as a counter electrode and Ag/AgCl in 3M NaCl as a reference electrode. 
4.2.3. Substrate scope 
The scope of substrates of the indirect anodic oxidative rearrangement of alkenes was 
investigated applying the optimised reaction conditions (Table 4.2, entry 13). Eight different 
alkenes were used, the corresponding into α-aryl ketones were obtained in all cases (Scheme 
4.11). 
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Scheme 4.11. Substrate scope of the indirect anodic stereoselective oxidative rearrangement of 
alkenes. 
The results showed that the desired α-aryl ketone products were obtained in low yields. 
Although the yields calculated based on the olefinic substrates are low (13% to 40%),  taking 
into that the maximum conversion of iodoarene 4.29 to the corresponding active iodine(III) 
species is 40% (vide supra) it turns out that the limiting reagent is the electrochemically 
generated iodine(III) species. Hence, calculating the yields based on the amount of the 
anodically generated iodine(III) species (40%), the yields of the oxidative rearrangement 
process ranges from 33% to 100%, which means that improving the anodic oxidation of the 
iodoarenes to corresponding hypervalent iodine species could in principle lead to a very 
efficient oxidative rearrangement process. 
Regarding the enantioselectivity, the ee% of the formed α-aryl ketones was very low, 7% and 
12% in case of products 4.32f and 4.32b, respectively. Interestingly, alkenes bearing 
halogens at the para position of the aromatic ring gave the corresponding α-aryl ketones in 
excellent enantioselectivity. The ee% was excellent, 98%, 97%, and 99% in the case of 
compounds 4.32c, 4.32d, and 4.32e, respectively. Compounds 4.32a, 4.32g, and 4.32h led to 
the corresponding α-aryl ketones in moderate enantioselectivity (38-71% ee). 
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4.3. Conclusion and outlook 
In conclusion, the indirect anodic stereoselective oxidative rearrangement of alkenes to the 
corresponding α-aryl ketones mediated by electrochemically generated hypervalent iodine 
reagents has been investigated. The primary results demonstrated the feasibility of this 
approach, although detailed studies to improve the outcome of the reaction are needed. Under 
the primary optimised reaction conditions, eight alkenes were successfully transformed into 
the corresponding α-aryl ketones in yields from 12-40%, the enantioselectivity ranged 
between 7 to 99% ee. Although the yields reached 40% maximum, but the control 
experiments showed that the maximum conversion of the chiral iodoarene 4.29 to the 
corresponding active hypervalent iodine species at the anode is the bottleneck as the 
maximum conversion was only 40% which puts an upper limit of the oxidative 
rearrangement process. Hence, detailed studies of the anodic oxidation of the lactate-based 
chiral iodoarenes are needed in order to improve the outcome of the anodic oxidation process 
and solving this problem could in principle lead to better outcome of the overall process.  
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5.1. Introduction 
The chemistry of hypervalent iodine compounds has expanded largely during the last two 
decades. Due to their readily availability, easy handling and diversity, organic hypervalent 
iodine reagents are widely used in modern synthetic organic chemistry. Their electrophilic 
nature, in addition to their superior leaving group ability (~106 times of triflate) are the key 
features behind their unique reactivity.[1,2] Hence, hypervalent iodine reagents found a wide 
range of synthetic applications, especially selective oxidative transformations including, but 
not limited to, oxidative C–C, C–heteroatom and heteroatom–heteroatom couplings,[3–8] 
oxidative rearrangements,[9–12] difunctionalisation of alkenes,[13–15] and dearomatisation of 
phenols.[16–20] Moreover, hypervalent iodine compounds are environmentally friendly 
alternatives to heavy metal oxidants as a result of their low toxicity and mild reaction 
conditions.  
Ishihara, Muñiz, and co-workers[21] shed light on the crucial role of secondary interactions in 
the high selectivity of the C2-symmetric lactate-based chiral hypervalent iodine reagents. 
Based on X-ray analysis of amide derivatives 5.1 and 5.2, they demonstrated that hydrogen 
bonding lead to structurally defined molecular hypervalent iodine reagents (Figure 5.1) that 
accounts for the high asymmetric induction achieved using this family of reagents.  
 
Figure 5.1. Intramolecular hydrogen-bonding properties of chiral hypervalent iodine compounds 5.1 
(Ar = 2,4,6-iPr3C6H2) and 5.2 (Ar = 2,6-iPr2C6H3). All hydrogen atoms except the N-H groups are 
omitted for clarity. (Reproduced from ref.[21] with kind permission from Wiley). 
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Moreover, Muñiz et al.[22] introduced the concept of Lewis base adduct formation as a kinetic 
factor in iodine(I/III) catalysis, as they demonstrated the positive influence of the 2-pyridinyl 
substituent on the catalytic performance of aryl iodides in vicinal difunctionalisation of 
alkenes under iodine(III) Catalysis. X-ray analysis proved the presence of a strong interaction 
between the electrophilic iodine(III) centre and the neighbouring pyridine nitrogen (Figure 
5.2).  
 
Figure 5.2. Intramolecular solid-state structures of compound 5.3. (Reproduced from ref.[22] with a 
kind permission from Wiley). 
In a similar context, Zhdankin et al.[23,24] reported new pseudocyclic benziodoxole triflate and 
tosylate 5.5 and 5.6 via the treatment of 1-hydroxybenziodoxolone (5.4) with triflic and p-
toluenesulfonic acid, respectively (Scheme 5.1). The X-ray analysis of these compounds 
revealed that the carbonyl group oxygen acted as a Lewis base and shows a strong 
intramolecular interaction with the electrophilic iodine(III) centre. 
 
Scheme 5.1. Preparation of benziodoxole-based pseudocyclic structures. 
Various hypervalent iodine reagents incorporating nitrogen-containing heterocyclic units, 
especially pyridine moieties have been reported (Figure 5.3).[22,25–31] Interaction of the 
heteroatoms with the iodine(III) centre was observed in most cases.  
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Figure 5.3. Some hypervalent iodine reagents containing heterocycles. 
The pyridine containing chiral hypervalent iodine reagents 5.10a and 5.10b were developed 
previously in our laboratory. Reagent 5.10a proved to be very efficient reagent for the 
enantioselective intramolecular diamination of olefins (Scheme 5.2).[27] 
 
Scheme 5.2. Stereoselective intramolecular deamination of alkenes using reagent 5.10a. 
Although there is no crystal structure provided for the hypervalent iodine reagent 5.10a due 
to its instability, the 1H NMR provided a strong evidence of the coordination of the pyridine 
nitrogen to the iodine(III) centre, which  accounts for the high selectivity of reagent 5.10a in 
the above diamination reaction compared to other tested reagents.[27] On the other hand, the 
solid-state structure of reagent 5.10b (Figure 5.4) showed no interaction between the pyridine 
nitrogen and the iodine(III) centre, which was manifested in its low selectivity in the 
stereoselective rearrangement of arylketones to  the corresponding α-arylated esters.[28]  
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Figure 5.4. Solid-state structure of reagent 5.10b. (Reproduced from Ref.[28] a kind permission from 
Wiley) 
As hypervalent iodine reagents are electrophilic in nature, heteroatoms in the vicinity of the 
electrophilic iodine centre affect the structural features, reactivity and selectivity of 
hypervalent iodine reagents.[21,22,27] The aim of this project is to synthesise a series of 
hypervalent iodine reagents with different heteroatoms in the proximity of the electrophilic 
iodine(III) centre to get structural information about the effect of secondary interactions 
between the heteroatoms and the I(III) centre on the reactivity and selectivity of hypervalent 
iodine reagents.  
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5.2. Results and discussion 
 
5.2.1. Synthesis of new iodoarenes containing 5-membered heterocycles 
The iodoketone precursors 5.19 and 5.20 were prepared in 44% and 77% yield respectively, 
over two steps starting from 2-aminobenzonitrile (5.16) (Scheme 5.3). The addition of the 
lithiated heterocycles, generated in situ through the deprotonation of furan and thiophene 
using n-BuLi, to 5.16 led to the formation of the aminoketones 5.17 and 5.18 in 64% and 
80% yield respectively,[32] after acidification and neutralisation. The formed aminoketones 
were then transformed into the corresponding iodoketones 5.19 and 5.20 in 66% and 95% 
yield respectively, via a Sandmeyer[33] reaction (Scheme 5.3). 
 
Scheme 5.3. Synthesis of iodoketones bearing furan and thiophene moieties. 
On the other hand, the pyrrole analogue 5.26 was prepared in 75% overall yield following a 
different synthetic route (Scheme 5.4).[34,35] The synthesis starts with the reaction of 
anthranilic acid 5.21 with benzoyl chloride to form the benzoxazine derivative 5.22 in 96% 
yield. Treatment of 5.22 with a pre-stirred mixture of pyrrole and ethylmagnesium chloride 
led to the formation of the protected aminoketone 5.23 in 97% yield. Basic hydrolysis of 5.23 
led to the formation of the free aminoketone 5.24 in a quantitative yield, which undergoes 
Sandmeyer[33] reaction to afford the iodoketone 5.25 in 92% yield. N-Methylation of 5.25 
afforded the desired iodoketone 5.26 in 88% yield.   
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Scheme 5.4. Synthesis of iodoketones bearing a pyrrole moiety. 
5.2.2. Oxidation of the prepared iodoarenes 
As the main objective of this project is to study the effect of the secondary interactions 
between the electrophilic iodine(III) centres and the nearby heteroatoms on the structure and 
reactivity of hypervalent iodine reagents, and as the iodoketones 5.19, 5.20, 5.25, and 5.26 
have all the necessary features for such study, the oxidation of compounds 5.19, 5.20, 5.25, 
and 5.26 into the corresponding hypervalent iodine reagents was attempted. Although the 
oxidation of simple iodoarenes usually proceeds smoothly,[36] the oxidation of 5.19, 5.20, 
5.25, and 5.26 was cumbersome. A wide range of oxidants and oxidation protocols was 
investigated, but either there was no reaction at all, or the reaction mixture was very complex 
to isolate the oxidised products in a pure form. In many cases the 1H NMR of the crude 
reaction mixture showed downfield peaks compared to the starting material peaks which is 
usually a sign of the oxidation of iodine(I) species into the corresponding iodine(III) species, 
but the isolation of the products was unsuccessful. Only the oxidation of furan and thiophene 
derivatives 5.19 and 5.20 using m-chloroperbenzoic[37] acid in the presence of p-TsOH 
monohydrate was successful and the products were isolated in pure form (Scheme 5.5).   
 
Scheme 5.5. Oxidation of iodoketones 5.19 and 5.20. 
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Based on their 1H NMR and 13C NMR data, the chemical structures 5.27 and 5.28 were 
initially suggested for the products of the above oxidation, but the easy solubility of these 
products in water left some doubt about the actual chemical structure of the formed 
hypervalent iodine species and suggested the possibility of the iodonium salt form. To answer 
the question of the actual structure of these products and to achieve the project main 
objective, a crystal structure was necessary. The oxidation products of 5.19 and 5.20 were 
recrystallised from hexane-dichloromethane and characterised by single crystal X-ray 
crystallography. The solid-state structure of the products ruled out the initially expected 
Koser’s[38] type structures 5.27 and 5.28 with a close tosylate–iodine distance and confirmed 
the pseudocyclic[39] forms 5.29 (Figure 5.5) and 5.30 (Figure 5.6) manifesting the Lewis-base 
assisted activation[22,39] of the iodine centre. 
Analysis of the X-ray data of tosylate 5.29  (Figure 5.5) showed the presence of a 
strong intramolecular interaction of 2.342 Å between the carbonyl oxygen and the 
hypervalent iodine atom besides one short iodine-oxygen covalent bond [I(1)-O(1) = 
1.945 Å] and the iodine-carbon covalent bond [I(1)-C(1) = 2.080 Å]. The observed 
angle [O(1)-I(1)-O(2)] of the iodonium ion fragment of 5.29 (167.7o) is in good 
agreement with the distorted T-shaped geometry characteristic to hypervalent 
iodine(III) compounds.[22–24] 
 
Figure 5.5. X-ray crystal structure of compound 5.29. Hydrogen atoms bound to carbon atoms 
were removed for clarity. Selected bond lengths and angles: 5.29: I(1)-O(1) 1.945 Å, I(1)-O(2) 
2.342 Å, I(1)-C(1) 2.080 Å, O(1)-I(1)-O(2) 167.7°. 
Crystallisation of the oxidation product of the thiophene derived iodoketone 5.20 was 
not easy, but a relatively good crystal was obtained after repeated crystallisation for 
several times. Regardless of the low quality of the obtained crystals, a crystal structure 
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showing only the cationic fragment of product 5.30 was obtained (Figure 5.6). Similar 
to product 5.29, the analysis of the X-ray data of product 5.30 showed the presence of 
a strong intramolecular interaction of 2.326 Å between the carbonyl oxygen and the 
hypervalent iodine atom besides one short iodine-oxygen covalent bond [I(1)-O(1) = 
1.943 Å] and iodine-carbon covalent bond [I(1)-C(1) = 2.155 Å] with an observed 
angle [O(1)-I(1)-O(2)] of 166.7o indicating a distorted T-shaped geometry 
characteristic to hypervalent iodine(III) compounds.[22–24] The iodonium ion of 5.30 
showed a secondary interaction (2.830 Å) between the coordinated carbonyl oxygen 
(O(2)) and the sulfur atom (S(1)) of the thiophene ring which is relatively short 
compared to a distance of 3.560 Å between the furan oxygen (O(3)) and the 
coordinated carbonyl oxygen (O(2)) of compound 5.29. 
 
Figure 5.6. X-ray crystal structure the cationic fragment of compound 5.30. Hydrogen atoms 
bound to carbon atoms were removed for clarity. Selected bond lengths and angles: 5.30: I(1)-
O(1) 1.943 Å, I(1)-O(2) 2.326 Å, I(1)-C(1) 2.155 Å, O(1)-I(1)-O(2) 166.7°. 
Comparing the X-ray data of both reagents 5.29 and 5.30 shows that the intramolecular 
interaction between the carbonyl oxygen and the iodine(III) centre is relatively stronger in 
case of compound 5.30 compared to compound 5.29. In addition, compound 5.30 shows a 
secondary interaction between the sulfur of the thiophene ring and the coordinated carbonyl 
oxygen, while a similar secondary interaction is not observed between the furan oxygen and 
the coordinated carbonyl oxygen of compound 5.29. These findings extracted from the X-ray 
data of both compounds 5.29 and 5.30 could suggest that the thiophene derivative 5.30 might 
be relatively more stable and less reactive compared to its furan analogue 5.29.  
5.2.3. Synthetic applications 
A broad range of potential synthetic applications of hypervalent iodine reagents 5.29 
and 5.30 as versatile oxidising reagents is demonstrated (Table 5.1). Generally, all the 
reactions with both reagents lead to the formation of the expected products in 
moderate to excellent yields. The furan-derived reagent 5.29 proved to be more 
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reactive than its thiophene analogue 5.30 which might be attributed to the presence of 
additional secondary interaction in the case of compound 5.30 rendering it more stable 
and hence less reactive (vide supra). 
Sulfoxides 5.31 and 5.32 were obtained in excellent yields (90-92%) via the oxidation of the 
corresponding sulfides using 5.29 and 5.30. Oxidising thioanisole under the same conditions 
but using Koser’s reagent led to the isolation of 5.31 in 80% yield. Phenol dearomatisation of 
p-cresol and 2,4-dimethylphenol lead to the corresponding ketones 5.33 and 5.34 in 79 - 87% 
yield. When Koser’s reagent was used as the oxidant for the oxidative dearomatisation of p-
cresol, the corresponding ketone 5.33 was obtained in 74% yield. Both compounds 5.29 and 
5.30 affected the α-tosyloxylation of acetophenone and propiophenone in good yields. 
Performing the α-tosyloxylation of propiophenone in a catalytic manner using 10 mol% of 
iodoarenes 5.19, 5.20, and 5.26 as organocatlysts in the presence of mCPBA as a terminal 
oxidant lead to the formation of the product 5.36 albeit in low yields, 21%, 10%, and 13%, 
respectively. In addition, the oxidative rearrangement of benzalacetophenone mediated by 
5.29 and 5.30 in methanol afforded the corresponding α-aryl ketone 5.37 in 56% and 53% 
yield, respectively. Moreover, Hofmann rearrangement[11] of benzamide in methanol led to 
the corresponding carbamate 5.38 in good yield. Reagents 5.29 and 5.30 are efficient 
oxidants for oxidative heterocyclisations. 3,5-Diphenyl-1,2,4-thiadiazole (5.39) was obtained 
in 86% and 83% yield via oxidative dimerisation of thiobenzamide using reagents 5.29 and 
5.30, respectively. In the same context, the reaction of benzaldehyde oxime with 5.29 and 
5.30 in acetonitrile and 2,2,2-trichloroacetonitrile proceed smoothly to afford 1,2,4-
oxadiazoles 5.40 and 5.41 in high yields. All these reactions are summarised in table 5.1. 
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[a] Using 5.29 and 5.30, respectively; [b] 80% using Koser’s reagent; [c] 74% using Koser’s reagent. 
Table 5.1. Synthetic applications of reagents 5.29 and 5.30. 
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5.3. Conclusions and outlook 
In conclusion, the synthesis and structural elucidation of two new hypervalent iodine reagents 
5.29 and 5.30 is reported. The X-ray analysis of 5.29 and 5.30 showed the presence of strong 
intramolecular interaction (2.342 and 2.326 Å) between the carbonyl oxygen and the 
hypervalent iodine atom of compounds 5.29 and 5.30, respectively. Reagents 5.29 and 5.30 
are versatile reagents for a wide range of oxidative transformations such as oxidation of 
sulfides, phenol dearomatisation, oxidative rearrangements and heterocyclisations. In general, 
both reagents lead to the formation of the products in moderate to excellent yields. Moreover, 
the furan derived reagent 5.29 shows higher reactivity than its thiophene analogue 5.30 in 
most cases. 
For future work, it would be of great interest to reduce the newly prepared iodoketones 5.19, 
5.20, and 5.26 into the corresponding alcohols. Performing the reduction in a stereoselective 
way will lead to the formation of chiral alcohols.[40–44] Protection of the alcohol functionality 
followed by oxidation should in principle lead to the formation of novel chiral hypervalent 
iodine reagents (Scheme 5.6).[27] It would be of great interest to get information about the 
structural features of the proposed hypervalent iodine reagents of type 5.48-5.50 and to study 
the extent and effect of secondary interactions in such molecules on the reactivity and 
selectivity of such reagents in stereoselective transformations. In addition, it could be of 
interest to study the catalytic applications of the proposed chiral iodoarenes of type 5.45-5.47 
in stereoselective transformations relying on iodine(I) / iodine(III) catalytic cycles. 
 
Scheme 5.6. Future work, synthesis of chiral iodine(I)/iodine(III) compounds with 5- membered 
heterocycles. 
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6.1. General methods 
The reactions were performed using standard laboratory equipment. In all the reactions, 
standard reagent grade solvents and chemicals from Sigma Aldrich, Alfa Aesar, Acros Organic 
and FluoroChem were used without further purification, unless otherwise specified. All air 
sensitive reactions were carried out under argon or nitrogen atmosphere using oven dried 
glassware. All reactions were stirred using a stirrer plate and a magnetic stirrer bar and heating 
if necessary, over a hotplate with a temperature probe control and adapted heating block. Lower 
temperatures were achieved using ice/water bath (0 ºC) or dry ice/acetone bath (-78 ºC). Dry 
ether and THF were collected from a solvent purification system (SPS) from the company 
MBRAUN (MB SPS-800). Dry CH2Cl2 was distilled over calcium hydride under nitrogen 
atmosphere. Büchi rotavapors were used for solvent evaporations (reduced pressure up to 8 
mbar) and a high vacuum apparatus was used to further dry the products. 
Thin-layer chromatography (TLC) was performed on pre-coated aluminium sheets of Merck 
silica gel 60 F254 (0.20 mm) and visualised by UV radiation (254 nm). Automated column 
chromatography was performed on a Biotage® Isolera Four using Biotage® cartridges SNAP 
Ultra 10 g, SNAP Ultra 25 g, SNAP Ultra 50 g, SNAP Ultra 100 g, Telos® 12 g and Telos® 
20 g. Manual column chromatography was performed using silica gel 60 (Merck, 230-400 
mesh) under pressure (Flash Chromatography). The solvents used for the purification are 
indicated in the text and were purchased from Fischer Scientific as laboratory grade. 
1H NMR and 13C NMR spectra were measured on Bruker DPX 300, 400 or 500 apparatus and 
were referenced to the residual proton solvent peak (1H: CDCl3, δ 7.26 ppm; DMSO-d6, δ 2.54 
ppm) and solvent 13C signal (CDCl3, δ 77.2 ppm, DMSO-d6, δ 39.5 ppm). Chemical shifts δ 
were reported in ppm, multiplicity of the signals was declared as followed: s = singlet, d = 
doublet, t = triplet, q = quartet, quin = quintet, sex = sextet, dd = doublet of doublets, m = 
multiplet, b = broad; and coupling constants (J) in Hertz. 
Mass spectrometric measurements were performed by the EPSRC Mass Spectrometry Facility 
in Swansea University on a Waters Xevo G2-S and on a Thermo Scientific LTQ Orbitrap XL 
machine for high-resolution mass spectroscopy (HRMS) or by R. Jenkins, R. Hick, T. Williams 
and S. Waller at Cardiff University on a Water LCR Premier XE-TOF. Ions were generated by 
the Atmospheric Pressure Ionisation Techniques (APCI), Electrospray (ESI), Electron 
Ionisation (EI) or Nanospray Ionisation (NSI). The molecular ion peak values quoted for either 
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molecular ion [M]+, molecular ion plus hydrogen [M+H]+, molecular ion plus sodium [M+Na]+ 
or molecular ion plus potassium [M+K]+. 
IR spectra were recorded on a Shimadzu FTIR Affinity-1S apparatus. Wavenumbers are quoted 
in cm–1. All compounds were measured neat directly on the crystal of the IR machine. Melting 
points were measured using a Gallenkamp variable heater with samples in open capillary tubes. 
X-Ray crystallographic studies were carried out at the X-Ray Crystallography Service at 
Cardiff University. The data were collected on an Agilent SuperNova Dual Atlas diffractometer 
with a mirror monochromator, equipped with an Oxford cryosystems cooling apparatus. 
Crystal structures were solved and refined using SHELX. Non-hydrogen atoms were refined 
with anisotropic displacement parameters. Hydrogen atoms were inserted in idealised 
positions. The structure was solved by a direct method and refined by a full matrix least-squares 
procedure on F2 for all reflections (SHELXL-97). 
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6.2. Experimental data for chapter 2: Electron-deficient chiral hypervalent iodine 
reagents 
3-Amino-5-(trifluoromethyl)phenol (2.53)[1] 
 
3-Nitro-5-(trifluoromethyl)phenol (2.52) (5.0 g, 24.1 mmol, 1 equiv.) dissolved in ethanol (25 
mL) was refluxed during the gradual addition (15 min) of a solution of sodium sulfide (25 g, 
104 mmol, 4.3 equiv) in ethanol (100 mL). After 1.5 h, hot 10% ethanolic sodium hydroxide 
solution (12.5 mL) was added, heating continued for 1 hour, then the alcohol removed under 
reduced pressure. The residue was acidified with hydrochloric acid (2 M) and then neutralised 
by the addition of sodium hydrogen carbonate solution and extracted with ether (4 x 50 mL). 
The combined organic layers were dried over anhydrous MgSO4, filtered, and concentrated 
under reduced pressure affording 3-amino-5-hydroxybenzotrifluoride 2.53 as a red solid (4.15 
g, 23.4 mmol, 97%). 
m.p.: 83 – 85 ºC; IR (solid) ν/cm-1: 3375, 3284, 3061, 2958, 749; 1H NMR (400 MHz, CDCl3): 
δ = 6.50 (s, 1H), 6.45 (s, 1H), 6.30 (s, 1H), 4.98 (br s, 1H), 3.84 (br s, 2H) ppm; 13C NMR (126 
MHz, CDCl3) δ = 156.9, 148.4, 133.0 (q, J = 32.2 Hz), 123.9 (q, J = 272.4 Hz), 104.8 (two 
carbons), 102.7 ppm; 19F NMR (471 MHz, CDCl3) δ = -63.20 ppm.; HRMS: m/z calculated 
for C7H7F3NO [M+H]
+ = 178.0474; found: 178.0488. 
5-(trifluoromethyl)benzene-1,3-diol (2.54) 
 
3-Amino-5-(trifluoromethyl)phenol (2.53) (3.98 g, 22.47 mmol) was dissolved in a mixture of 
water (14 mL) and concentrated sulfuric acid (16 mL). After cooling to 0 oC, a solution of 
sodium nitrite (1.5 g) in water (8 mL), was added slowly, after 15 minutes, the excess nitrous 
acid was destroyed by addition of urea. Then the cooled solution was added to a heated 
saturated solution of copper sulfate (200 mL). Then left to cool down to the room temperature 
and extracted with ether (4 x 50 ml), the combined extracts were dried over anhydrous MgSO4, 
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filtered, and concentrated under reduced pressure affording 3,5-dihydroxybenzotrifluoride 2.54 
as a red solid (3.24 g, 18.2 mmol, 81%). 
m.p.: 87 – 89 ºC; IR (solid) ν/cm-1: 3269, 2853, 1253, 713; 1H NMR (400 MHz, CDCl3): δ = 
6.65 (s, 2H), 6.50 (s, 1H), 5.44 (br s, 2H) ppm; 13C NMR (126 MHz, CDCl3) δ = 157.2, 133.0 
(q, J = 32.7 Hz), 123.8 (q, J = 272.2 Hz), 106.1, 105.3 ppm; 19F NMR (471 MHz, CDCl3) δ = 
-63.08 ppm; HRMS: m/z calculated for C7H6F3O2 [M+H]
+ = 179.0314; found: 179.0320. 
2-iodo-5-(trifluoromethyl)benzene-1,3-diol (2.55) 
 
3,5-Dihydroxybenzotrifluoride (2.54) (2.14 g, 12 mmol, 1 equiv.) was dissolved in H2O/THF 
(1:1) (250 mL). After cooling to 0 ºC, iodine (3.12 g, 12.6 mmol, 1.05 equiv.) was added 
followed by slow addition of NaHCO3 (1.108 g, 13.2 mmol, 1.1 equiv.). The resulting reaction 
mixture was stirred for 10 min at 0 ºC, then allowed to warm to room temperature and stirred 
for 40 min. The reaction was then quenched by the addition of a saturated aqueous Na2S2O3 
solution (10 mL). After extraction with EtOAc (4 x 40 mL), the combined organic phases were 
dried over anhydrous MgSO4 and concentrated under reduced pressure. Purification by flash 
column chromatography (8:2 Hex/EtOAc) afforded the pure product 2.55 as a yellow solid 
(2.92 g, 9.61 mmol, 80%). 
m.p.: 91 – 92 oC; IR (solid) ν/cm-1: 3277, 1250, 1010; 1H NMR (300 MHz, CDCl3): δ = 6.80 
(s, 2H), 5.55 (s, 2H) ppm; 13C NMR (126 MHz, CDCl3): δ = 156.2, 133.2 (q, J = 33.3 Hz), 
123.4 (q, J = 272.5 Hz), 104.4, 81.6 ppm; 19F NMR (471 MHz, CDCl3): δ = –63.32 ppm; 
HRMS m/z: [M]+ calculated for C7H4F3IO2 = 303.9206; found: 303.9208. 
Dimethyl-2,2'-((2-iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))(2R,2'R)-
dipropionate (2.56) 
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 2-iodo-5-(trifluoromethyl)benzene-1,3-diol (2.55) (1.3 g, 4.28 mmol, 1 eq), was dissolved in 
(25 mL) dry THF under an argon atmosphere. After addition of methyl (s)-lactate (0.897 g, 9.4 
mmol, 2.2 eq), triphenylphosphine (2.6 g, 9.83 mmol, 2.3 eq) and diisopropyl azodicarboxylate 
(2 g, 10.26 mmol, 2.4 eq) the reaction mixture was stirred for 16 h at room temperature and 
then concentrated under reduced pressure. Purification by flash column chromatography (8:2 
Hexane/EtOAc) afforded the pure product as a white solid (2.0 g, 98 %, 4.19 mmol).  
m.p.: 69-71 oC; [α]D20: - 90.5 (c = 0.243, CHCl3); IR (solid) ν/cm-1: 1739, 1244, 1109; 1H  NMR 
(500 MHz, CDCl3): δ  6.58 (s, 2H, ArH), 4.83 (q, J = 6.8 Hz, 2H, O-CH(CH3)-), 3.77 (s, 6H, 
COOCH3), 1.73 (d, J = 6.8 Hz, 6H, O-CH(CH3)-) ppm; 
13C NMR (126 MHz, CDCl3) δ: 171.6, 
158.7, 132.3 (q, J = 33.0 Hz), 123.6 (q, J = 273.0 Hz), 103.8, 85.3, 74.5, 52.7, 18.6 ppm; 19F 
NMR (471 MHz, CDCl3): δ -62.94 ppm; HRMS: m/z calculated for C15H16F3IO6Na [M+Na]+  
= 498.9841; found: 498.9760. 
(2R,2'R)-2,2'-((2-Iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))dipropionic acid (2.57) 
 
Dimethyl2,2'-((2-iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate 
(2.56) (1.68 g, 3.53, 1 equiv.) was dissolved in THF/MeOH  (1:1) (20 mL). After addition of 
aqueous NaOH (2 M, 10 mL, 20 mmol, 5.6 eq) the reaction mixture was stirred for 6 h at room 
temperature and then acidified with aqueous HCl (3 M, 10 mL). After extraction with EtOAc 
(3 x 20 mL) the combined organic phases were washed with brine, dried over anhydrous 
MgSO4 and concentrated under reduced pressure, affording the product as a white solid (1.27 
g, 80 %, 2.83 mmol).  
m.p.: 127-128 oC; [α]D20: - 47.8 (c = 0.6, CH3CN); IR (solid) ν/cm-1:  2991,1705, 1242, 1110;  
1H NMR (500 MHz, DMSO): δ 13.18 (s, 2H, OH), 6.74 (s, 2H, ArH), 5.11 (q, J = 6.7 Hz, 2H, 
O-CH(CH3)-), 1.57 (d, J = 6.7 Hz, 6H, -O-CH(CH3)-) ppm; 
13C NMR (126 MHz, CD3OD) δ: 
174.5, 160.3, 132.8 (q, J = 32.8 Hz), 125.1 (q, J = 271.6 Hz), 103.9, 85.3, 75.2, 18.8 ppm; 19F 
NMR (471 MHz, DMSO): δ -61.34 ppm; HRMS: m/z calculated for C13H11F3IO6 [M-H]
-
  = 
446.9553; found: 446.9569.  
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(2R,2'R)-2,2'-((2-Iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))bis(N-(2,6-
diisopropylphenyl)propanamide) (2.59) 
 
(2R,2'R)-2,2'-((2-iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))dipropionic acid (2.57) 
(1.344 g, 3.0 mmol, 1 equiv.) was suspended in (30 mL) dry DCM under an argon atmosphere. 
After addition of oxalyl chloride (1.33 g, 10.5 mmol, 3.5 equiv.) and a catalytic amount of 
DMF the reaction mixture was stirred for 3 h at room temperature and then concentrated in 
vacuum. The crude product was re-dissolved in (16 mL) dry DCM under an argon atmosphere 
and 2,6-diisopropylaniline (2.632 g, 15 mmol, 5 equiv.) as well as pyridine (0.95 g, 12 mmol, 
4 eq) were added. The reaction mixture was stirred for 16 h at room temperature and quenched 
by the addition of aqueous HCl (3 M, 10 mL). After extraction with DCM (3 X 10 mL), the 
combined organic phases were dried over anhydrous MgSO4 and concentrated under reduced 
pressure. Purification by flash column chromatography (8:2→2:2 Hex/EtOAc) afforded the 
product as a yellow solid (1.63 g, 71 %, 2.13 mmol).  
m.p.: 230 -233 OC; [α]D20 - 503 (c = 0.286, CHCl3); IR (solid) ν/cm-1:  3203, 1660, 1249, 1101; 
1H NMR (300 MHz, CDCl3): δ 7.84 (s, 2H, NH), 7.32 (t, J = 7.8 Hz, 2H, ArH), 7.19 (d, J = 
7.8 Hz, 4H, ArH), 6.92 (s, 2H, ArH), 5.10 (q, J = 6.6 Hz, 2H, O-CH(CH3)-), 3.0-2.85 (m, 4H, 
-CH(CH3)2), 1.83 (d, J = 6.5 Hz, 6H, O-CH(CH3)-), 1.20 (d, J = 6.8 Hz, 12H, -CH(CH3)2), 
1.15-1.0 (m, 12H, -CH(CH3)2) ppm;
 13C NMR (126 MHz, CDCl3) δ = 169.9, 157.6, 146.3, 
133.7 (q, J = 33 Hz), 129.9, 128.9, 123.8, 122.9, 103.9, 85.0, 76.8, 28.9, 22.6, 18.9 ppm 
(Fluorine coupling not found); 19F NMR (471 MHz, CDCl3): δ = -62.9 ppm; HRMS: m/z 
calculated for C37H47F3IN2O4 [M+H]
+ = 767.2533; found: 767.2521.  
(2R,2'R)-2,2'-((2-Iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))bis(N-
mesitylpropanamide)(2.60) 
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(2R,2'R)-2,2'-((2-iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))dipropionic acid (2.57) 
(1.286 g, 2.87 mmol, 1 equiv.) was suspended in (29 mL) dry DCM under an argon atmosphere. 
After addition of oxalyl chloride (1.276 g, 10 mmol, 3.5 equiv.) and a catalytic amount of DMF 
the reaction mixture was stirred for 3 h at room temperature and then concentrated in vacuo. 
The crude product was re-dissolved in (4 mL) dry DCM under an argon atmosphere and 2,4,6-
trimethylaniline (1.54 g, 11.389 mmol, 5 equiv.) as well as pyridine (0.882 g, 11.164 mmol, 4 
equiv.) were added. The reaction mixture was stirred for 16 h at room temperature and 
quenched by addition of aqueous HCl (3 M). After extraction with DCM, the combined organic 
phases were dried over anhydrous MgSO4 and concentrated under reduced pressure. 
Purification by flash column chromatography (8:2→2:2 Hex/EtOAc) afforded the product as a 
white solid (1.63 g, 83 %, 2.38 mmol).  
m.p.: 293-297 OC; [α]D20: -740 (c = 1.0, CHCl3); IR (solid) ν/cm-1: 3257,1670, 1250, 1150; 1H 
NMR (300 MHz, CDCl3): δ 7.88 (s, 2H, NH), 6.91 (s, 4H, MesH), 6.86 (s, 2H, ArH), 5.04 (q, 
J = 6.6 Hz, 2H, O-CH(CH3)-), 2.25 (s, 6H, Mes-CH3), 2.15 (s, 12H, Mes-CH3), 1.81 (d, J = 6.7 
Hz, 6H, O-CH(CH3)-) ppm;
 13C NMR (126 MHz, CDCl3) δ = 169.1, 157.6, 137.5, 135.2, 130.0, 
129.2, 128.9, 122.1, 104.0, 85.1, 76.8, 21.1, 18.9, 18.4 ppm (Fluorine coupling not found); 19F 
NMR (471 MHz, CDCl3): δ = -63.00 ppm; HRMS: m/z calculated for C31H35F3IN2O4 [M+H]+ 
= 683.1594; found: 683.1594. 
Dimethyl-2,2'-((2-(diacetoxy-λ3-iodanyl)-5-(trifluoromethyl)-1,3-
phenylene)bis(oxy))(2R,2'R)-dipropionate (2.61) 
 
Dimethyl 2,2'-((2-iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate 
(2.56) (0.238 g, 0.5 mmol, 1 equiv.) and Selectfluor® (0.885 g, 2.5 mmol, 5 equiv.) were 
dissolved in CH3CN (30 mL) and glacial acetic acid (10 mL) under N2. The reaction mixture 
was stirred at room temperature till completion (TLC). The reaction mixture was concentrated 
under vacuum then water (50 mL) was added to the residue and extracted with CH2Cl2 (3×50 
mL). The combined organic layers were dried over anhydrous MgSO4, filtered, and 
concentrated under reduced pressure to give 2.61 as a white solid (0.28 g, 95%, 0.47 mmol); 
the product was used without further purification. 
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m.p.: 195-197 OC; [α]D20: -65 (c = 0.4, CHCl3); IR (Neat) ν/cm-1: 2997.4, 1741, 1259, 1109; 
1H NMR (300 MHz, CDCl3): δ 6.78 (s, 2H, ArH), 4.93 (q, J = 6.8 Hz, 2H, -O-CH(CH3)-), 3.77 
(s, 6H, -COOCH3), 1.99 (s, 6H, OAc), 1.70 (d, J = 6.8 Hz, 6H, -O-CH(CH3)-) ppm;
 13C NMR 
(126 MHz, CDCl3) δ = 177.3, 170.8, 157.1, 137.08 (q, J = 33.1 Hz), 122.9 (q, J = 273.7 Hz), 
110.4, 103.4, 74.9, 52.8, 20.5, 18.3 ppm; 19F NMR (471 MHz, CDCl3): δ = -63.7 ppm  
(2R,2'R)-2,2'-((2-(Diacetoxy-λ3-iodanyl)-5-(trifluoromethyl)-1,3-
phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl)propanamide) (2.62) 
 
(2R,2'R)-2,2'-((2-iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))bis(N-(2,6-
diisopropylphenyl)propanamide) (2.59) (191.7 mg, 0.25 mmol), Selectfluor® (0.885 g, 2.5 
mmol, 10 eq) were dissolved in CH3CN (30 mL) and glacial acetic acid (10 mL) under N2. The 
reaction mixture was stirred at room temperature till completion (TLC). The reaction mixture 
was concentrated under vacuum then water (50 mL) was added to the residue and extracted 
with CH2Cl2 (3×50 mL). The combined organic layers were dried over anhydrous MgSO4, 
filtered, and concentrated under reduced pressure to give 2.62 as a white solid (0.156 g,78%, 
0.176 mmol); the product was used without further purification. 
m.p.:220-222 oC; [α]D20: -60 (c = 0.1666, CHCl3); IR (Solid) ν/cm-1: 3100, 1663, 1259, 1015; 
1H NMR (400 MHz, CDCl3): δ 8.16 (s, 2H, NH), 7.34-7.27 (m, 2H, ArH), 7.19 (s, 2H, ArH), 
7.12 (sbr, 4H, ArH), 5.22 (q, J = 6.7 Hz, 2H, -O-CH(CH3)-), 2.99 (m, 4H, -CH(CH3)2), 1.92 (d, 
J = 6.6 Hz, 6H, -O-CH(CH3)-), 1.45 (s, 6H, OAc), 1.3-0.8 (m, 24H, -CH(CH3)2) ppm; 
13C 
NMR (101 MHz, CDCl3) δ 176.9, 169.9, 169.8, 157.6, 156.5, 146.2, 129.4 (dd, J = 105.0, 21.7 
Hz), 123.8, 103.1, 77.0, 76.8, 28.9, 23.6, 19.7, 19.4, 18.8 ppm (Fluorine coupling not found). 
19F NMR (471 MHz, CDCl3): δ = -63.045 ppm. 
 
 
 
Jihan Qurban                                                                             Chapter 6: Experimental part 
__________________________________________________________________________________ 
 
 
117 
 
Dimethyl 2,2'-((2-(diacetoxy-l3-iodanyl)-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate 
(2.25) 
 
 
 
 
Prepared according to literature.[2] Dimethyl-2,2’-((2-iodo-1,3-phenylene)bis(oxy))(2R,2’R)-
dipropionate (102 mg, 0.25 mmol), Selectfluor® (0.885 g, 2.5 mmol, 10 eq) were dissolved in 
CH3CN (30 mL) and glacial acetic acid (10 mL) under N2. The reaction mixture was stirred at 
room temperature for 6 h. The reaction mixture was concentrated under vacuum then water (50 
mL) was added to the residue and extracted with CH2Cl2 (3×50 mL). The combined organic 
layers were dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure to 
give 2.25 as a white solid Yield: (0.1235 g, 95%, 0.2347 mmol); [α]D20: - 18.46o (c = 1.48 
CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.39 (t, J = 8.4 Hz, 1H), 6.57 (d, J = 8.4 Hz, 2H), 4.86 
(q, J = 6.8 Hz, 2H), 3.75 (s, 6H), 1.97 (s, 6H), 1.68 (d, J = 6.8 Hz, 6H) ppm; 13C NMR (125 
MHz, CDCl3): δ = 176.8, 171.2, 156.6, 135.1, 106.9 106.2, 74.4, 52.3, 20.3, 18.1 ppm. 
Spectroscopic data in a good agreement with literature.[2,3] 
(R)-1-Phenylethane-1,2-diyl diacetate (2.65) 
 
A mixture of hypervalent iodine reagents 2.25, 2.61 or 2.62 (0.375 mmol, 1.25 equiv.) and 
styrene (34.4 μL, 0.3 mmol, 1 equiv.) was dissolved in a mixture of CH2Cl2 (3 mL) and glacial 
acetic acid (0.15 mL) containing trimethylsilyl acetate (0.15 mL, 0.99 mmol, 3.3 equiv.). Boron 
trifluoride diethyl etherate (75µL, 0.6 mmol, 2.0 equiv.) was added at -78 °C with stirring. The 
reaction mixture left to warm up to room temperature overnight. Water (5 mL) was then added 
followed by extraction with CH2Cl2 (3 x 10 mL). The combined organic layers were washed 
with brine (10 mL), dried over anhydrous MgSO4, filtered and concentrated under reduced 
pressure. The crude mixture was purified by flash column chromatography (nhexane: EtOAc 
= 90:10) to afford diacetate 2.65 as a pale-yellow oil (44 mg, 67%, 0.1979 mmol). 
1H NMR (400 MHz, CDCl3) δ = 7.38 – 7.31 (m, 5H), 6.01 (dd, J = 7.9, 4.0 Hz, 1H), 4.33 (dd, 
J = 11.9, 4.0 Hz, 1H), 4.28 (dd, 11.9, 7.9 Hz, 1H), 2.12 (s, 3H), 2.06 (s, 3H) ppm; 13C NMR 
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(126 MHz, CDCl3) δ = 170.8, 170.3, 136.6, 128.8, 128.7, 126.8, 73.4, 66.2, 21.3, 20.9 ppm. 
Spectroscopic data are in a good agreement with literature.[4] 
(R)-1-Phenylethane-1,2-diol 
 
For the purpose of determining the enantiomeric excess of 2.65, it was hydrolysed to the 
corresponding diols following a literature procedure.[5] Diacetate 2.65 (22.2 mg, 0.1 mmol, 1 
equiv.) was dissolved in methanol (1 mL) and K2CO3 (20.7 mg, 0.15, 1.5 equiv.) was added. 
The reaction mixture was stirred at room temperature for 4 h, then acidified with HCl (3 M, 1 
mL). The mixture was concentrated under reduced then extracted with CH2Cl2 (3 X 3 mL), the 
combined organic layers were washed with brine, dried over anhydrous MgSO4, filtered and 
removed under reduced pressure. The crude mixture was purified by flash column 
chromatography (n-hexane:EtOAc = 75:25).  
[α]D20: - 68.8o (c = 0.8333 CHCl3); 1H NMR (300 MHz, CDCl3) δ 7. 39 – 7.28 (m, 5H), 4.83 
(dd, J = 8.1, 3.5 Hz, 1H), 3.77 (dd, J = 11.3, 3.5 Hz, 1H), 3.67 (dt, J = 11.3, 8.1 Hz, 1H), 2.60 
(br. s, 1H), 2.19 (br. s, 1H) ppm; 13C NMR (126 MHz, CDCl3) δ = 140.6, 128.7, 128.2, 126.2, 
74.8, 68.3 ppm; HPLC: Lux® 5 μm Cellulose-1, LC Column (250 x 4.6 mm), n-hexane/i-PrOH 
= 95/5, 0.7 mL/min, 209 nm, tR (major, R) = 28.7 min, tR (minor, S) = 32.2 min, ee = 56%. 
Spectroscopic data are in a good agreement with literature.[6] 
(S)-6-Methyl-4',5'-dihydrospiro[indene-2,2'-pyran]-1,3',6'(3H)-trione (2.67) 
 
A mixture of hypervalent iodine reagents 2.25, 2.61 or 2.62 (0.3 mmol, 2.0 equiv) and 4-(6-
methyl-1-oxo-2,3-dihydro-1H-inden-2-yl)-4-oxobutanoic acid (2.66)[7] (37 mg, 0.15 mmol, 1 
equiv.) was dissolved in CH2Cl2 (2 mL) and the solution was cooled to –78 °C. The reaction 
mixture was stirred at –78 °C for 5 h. Saturated aq. NaHCO3 solution (5 mL) was then added 
and diluted with CH2Cl2 (5 mL), phases were separated, and the aqueous phase was extracted 
with CH2Cl2 (3 x 10 mL). The combined organic layers were washed with brine (10 mL), dried 
over anhydrous MgSO4, filtered and removed under vacuum. The crude mixture was purified 
Jihan Qurban                                                                             Chapter 6: Experimental part 
__________________________________________________________________________________ 
 
 
119 
 
by flash column chromatography (nhexane: EtOAc = 80:20) to afford 2.67 as colourless solid 
(21.6 mg, 60%, 0.0884 mmol). 
m.p.: 165-168 oC; [α]D20: + 17.65 (c = 0.57 CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.53 (s, 
1H), 7.50 (d, J = 7.8 Hz, 1H), 7.38 (d, J = 7.8 Hz, 1H), 3.77 – 3.62 (m, 2H), 3.29 (d, J = 16.8 
Hz, 1H), 3.03 – 2.95 (m, 1H), 2.85 – 2.79 (m, 2H), 2.40 (s, 3H) ppm; 13C NMR (126 MHz, 
CDCl3) δ = 202.0, 197.4, 169.2, 149.5, 139.0, 138.5, 132.7, 126.0, 125.7, 93.2, 38.7, 33.6, 27.3, 
21.2 ppm; HPLC : YMC Chiral Amylose-C column, hexane/i-PrOH = 85/15, 0.8 mL/min, 20 
°C, 254 nm, tR (minor, R) = 34.2 min, tR (major, S) = 37.6 min; ee = 63%. Spectroscopic data 
are in a good agreement with literature.[7] 
(R)-2.67 
Isolated from the above reaction in case of reagent 2.62. 
[α]D20: - 13.91 (c = 0. 767 CHCl3); HPLC : YMC Chiral Amylose-C column, hexane/i-PrOH 
= 85/15, 0.8 mL/min, 20 °C, 254 nm, tR (major, R) = 34.2 min, tR (minor, S) = 37.6 min; ee  = 
33%. 
(R)-1,2-diphenylpentan-1-one (2.69) 
 
To a mixture of hypervalent iodine reagents 2.25, 2.61 or 2.62 (0.11 mmol, 1.2 equiv.) and of 
1,1-diphenylpentene 2.68 (20 mg, 0.09 mmol, 1 equiv.), and methanol (11 μL, 0.27 mmol, 3 
equiv.) in CH2Cl2:TFE (10:1) (1.5 mL) at –78 ºC, was added TsOH.H2O (21 mg, 0.11 mmol, 
1.2 eq). The reaction was stirred for 4 h at -78 oC then 16 h at room temperature, then quenched 
with a 1:1 mixture of aqueous sat. NaHCO3 and sat. Na2S2O3 (0.5 mL). Water (4 mL) was 
added and the aqueous phase was extracted with CH2Cl2 (3×5 mL). The combined organic 
layers were filtered through a TELOS® phase Separator and concentrated under vacuum to 
give the crude product. The desired aryl ketone was isolated by TLC (hexane/ethyl acetate 9:1. 
to give the product 2.69 as a colorless (13 mg, 65%). 
[α]D20: - 150o (c = 0.67 CHCl3);  1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 7.4 Hz, 2H), 7.41 
(t, J = 7.4 Hz, 1H), 7.32 (t, J = 7.4 Hz, 2H), 7.26 – 7.20(m, 4H), 7.15 – 7.10 (m, 1H), 4.49 (t, J 
= 7.2 Hz, 1H), 2.13 – 2.04 (m, 1H), 1.80 – 1.68 (m, 1H), 1.30 – 1.14 (m, 2H), 0.85 (t, J = 7.2 
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Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 200.3, 140.0, 137.2, 132.9, 129.0, 128.8, 128.6, 
128.4, 127.1, 53.6, 36.3, 21.0, 14.2 ppm; HPLC: YMC Chiral Amylose-C column, hexane/i- 
PrOH = 99.5/0.5, 1.0 mL/min, 10 ºC, 243 nm; tR (S) = 9.2 min, tR (R) = 11.9 min; ee = 92%. 
Spectroscopic data are in a good agreement with literature.[8] 
 (Z)-1-Phenylprop-1-en-1-yl Acetate (2.72) 
 
n-Butyllithium (3.84 ml, 9.6 mmol, 2.5 M in hexane, 1.2 equiv.) was added to a cooled ( −78 
°C) solution of diisopropylamine (1.34 ml, 9.6 mmol, 1.2 equiv.) in THF (40 mL) under argon. 
After stirring for 30 min, propiophenone (1.073 ml, 8 mmol, 1 equiv.) was added, stirring was 
continued for additional 45 min, acetic anhydride (1.5 ml, 16 mmol, 2 equiv.) was then added. 
Stirring was continued for additional 30 min at −78 °C and another 30 min at room temperature. 
The reaction mixture was then poured into a saturated aq. NaHCO3 solution (90 mL) and 
extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with brine and 
dried over MgSO4, filtered and removed under reduced pressure. The crude mixture was 
purified by column chromatography on silica gel with EtOAc:hexanes (5:95 to 20:80) to 
provide 2.72 as a colourless oil ( 1.32 g, 94%, 7.491 mmol). 
1H NMR (400 MHz, CDCl3) δ 7.45 – 7.40 (m, 2H), 7.38 – 7.26 (m, 3H), 5.93 (q, J = 6.9 Hz, 
1H), 2.33 (s, 3H), 1.74 (m, 3H) ppm; 13C NMR (126 MHz, CDCl3) δ = 168.9, 147.1, 135.2, 
128.6, 128.1, 124.4, 112.8, 20.9, 11.8 ppm. Spectroscopic data are in a good agreement with 
literature.[9] 
 (S)-1-oxo-1-phenylpropan-2-yl 4-methylbenzenesulfonate (2.71) 
 
Method A: 
Propiophenone (40 mg, 0.3 mmol, 1 equiv.) was added to a mixture of chiral aryl iodides 2.28, 
2.56, 2.59 or 2.60 (0.03 mmol, 0.1 equiv.), m-CPBA (202 mg, 0.9 mmol, 3 equiv.) and 
p-TsOH•H2O (171 mg, 0.9 mmol, 3 equiv.) in MeCN (2 mL) at room temperature. The solution 
was then stirred for 48 h. Saturated aqueous Na2S2O3 solution (5 mL) was added, the resulting 
mixture was extracted with CH2Cl2 (3 × 5 mL), the combined organic phases were washed with 
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sat. aq NaHCO3 (1 X 10 mL) and brine (1 X 10 mL), then dried over anhydrous MgSO4, filtered 
and concentrated under reduced pressure. The crude material was purified by flash column 
chromatography on silica gel with Et2O/hexanes (20:80) to give pure 2.71 as a white solid (58.5 
mg, 0.1922 mmol, 65%, ee = 16%,).  
Method B: 
A mixture of chiral iodoarene 2.28, 2.56, 2.59 or 2.60 (0.084 mmol, 0.2 equiv.), m-CPBA (9.4 
mg, 0.042 mmol, 0.1 equiv.) and p-TsOH hydrate (7.9 mg, 0.042 mmol, 0.1 equiv.) was 
dissolved in MeCN (0.5 mL). A solution of 2.72 (74 mg, 0.421 mmol, 1 equiv.), m-CPBA (94, 
0.421 mmol, 1 equiv.) and p-TsOH hydrate (80, 0.421 mmol, 1 equiv.) in 2.5 mL of acetonitrile 
was added with stirring over 12 h via a syringe pump. Stirring continued for additional one 
hour. Saturated aqueous solution of Na2S2O3 (5 mL) was added and the resulting mixture was 
extracted with EtOAc (3 X 5 mL). The combined organic layers were washed with a saturated 
aqueous solution of NaHCO3 (1 X 10 mL) and brine (1 X 10 mL), then dried over anhydrous 
MgSO4, filtered and concentrated under reduced pressure. The crude material was purified by 
flash column chromatography on silica gel with Et2O/hexanes (5:95 to 20:80) to give pure 2.71 
as a white solid (90 mg, 69%, 79% ee, 0.2957 mmol). 
m.p.: 76-78 oC; [α]D20: - 5.4 (c = 0.7333 CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.88 (d, J = 
8.0 Hz, 2H), 7.75 (d, J = 7.8 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.5 Hz, 2H), 7.27 (d, 
J = 6.3 Hz, 2H), 5.78 (q, J = 6.9 Hz, 1H), 2.41 (s, 3H), 1.60 (d, J = 6.9 Hz, 3H) ppm; 13C NMR 
(126 MHz, CDCl3) δ = 195.0, 145.2, 134.0, 133.8, 133.6, 129.9, 128.9, 128.1, 77.5, 21.8, 18.9 
ppm; ; HPLC : YMC Chiral Amylose-C column, hexane/i-PrOH = 85/15, 0.7 mL/min, 25 °C, 
254 nm, tR (minor, R) = 16.2 min, tR (major, S) = 17.8 min; ee = 79%. Spectroscopic data are 
in a good agreement with literature.[10,11] 
4-hydroxy-2,4-dimethylcyclohexa-2,5-dien-1-one (2.74) 
 
2,4-dimethylphenol (2.73) (0.33 mmol, 1 equiv) and chiral iodoarenes 2.28, 2.56, 2.59 or 2.60 
(0.033 mmol, 10 mol%) were dissolved in a mixture of MeCN/H2O (2 mL, 9:1). m-CPBA 
(0.726 mmol, 2.2 equiv) was added and the reaction mixture was stirred at –5 °C for 5 h then 
at room temperature overnight. The reaction was quenched with saturated aq Na2S2O3 solution 
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(4 mL) and saturated aq. NaHCO3 solution (4 mL). The mixture was then extracted with 
CH2Cl2 (3 × 10 mL) and the combined organic phases were dried over anhydrous MgSO4, 
filtered, and removed under reduced pressure. Purification by flash column chromatography 
(silica gel, n-hexane/EtOAc, 85:15) to afford pure 2.74 as a white solid (27 mg, 0.195 mmol, 
60%, ee = 8%). 
m.p.: 63- 66 oC; 1H NMR (400 MHz, CDCl3) δ 6.84 (dd, J = 10.0, 3.1 Hz, 1H), 6.64 (dd, J = 
3.0, 1.5 Hz, 1H), 6.11 (d, J = 9.9 Hz, 1H), 2.29 – 2.15 (br, 1H), 1.87 (s, 3H), 1.46 (s, 3H) ppm; 
13C NMR (101 MHz, CDCl3) δ = 186.1, 151.8, 147.4, 134.0, 127.2, 67.7, 27.0, 15.7 ppm. 
Spectroscopic data are in a good agreement with literature.[12]  
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6.3. Experimental data for chapter 3: Catalytic oxidative rearrangement of alkenes 
 
6.3.1. Synthesis of olefinic substrate 
General procedure A: Wittig olefination[8] 
Alkylphosphonium bromide (1.2 equiv.) was suspended in THF at 0 oC, followed by the 
addition n-BuLi (1.2 equiv.) or NaH (60% in mineral oil, 2 equiv.) dropwise with stirring. After 
dissolution of the salt the solution of the appropriate ketone (1.0 eq) in THF was added 
dropwise at 0 oC. Stirring was continued at room temperature and stirred overnight. Saturated 
aqueous solution of amm. chloride was added and the mixture was extracted with diethyl ether 
(3X). The combined organic phases were washed with brine (1X), dried over MgSO4, filtered 
and concentrated under reduced pressure. The crude reaction mixture was purified with column 
chromatography (hexane: ethyl acetate, 1:0→10:1) to afford the pure alkene. 
1,1-Diphenylpentene (3.40a) 
  
Butyltriphenylphosphonium bromide (5.26 g, 13.18 mmol), n-BuLi (2.1 M in hexane, 6.28 mL, 
13.18 mmol) and benzophenone (2.0 g, 10.98 mmol) were reacted according to general 
olefination procedure to afford 3.40a as a colorless oil (1.776 g, 74%, 7.99 mmol).  
1H NMR (400 MHz, CDCl3) δ 7.47 – 7.23 (m, 10H), 6.16 (t, J = 7.4 Hz, 1H), 2.17 (q, J = 7.4 
Hz, 2H), 1.54 (sext, J = 7.4 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H) ppm; 13C NMR (75 MHz, CDCl3): 
δ = 143.1, 141.7, 140.5, 130.3, 130.1 (2C), 128.3 (2C), 128.3 (2C), 127.4 (2C), 126.9, 126.8, 
31.9, 23.4, 14.1 ppm. Spectroscopic data are in a good in agreement with literature.[8] 
1,1-Bis(4-fluorophenyl)pentene (3.40b) 
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Butyltriphenylphosphonium bromide (2.63 g, 6.6 mmol), n-BuLi (2.1 M in hexane, 3.14 mL, 
6.6 mmol) and 4,4'-fluorobenzophenone (1.2 g, 5.5 mmol) were reacted according to general 
olefination procedure to afford 3.40b as a colorless oil (1.008 g, 72%, 3.902 mmol).  
1H NMR (400 MHz, CDCl3) δ 7.16 – 7.02 (m, 6H), 6.96 – 6.91 (m, 2H), 6.00 (t, J = 7.2 Hz, 
1H), 2.05 (q, J = 7.2 Hz, 2H), 1.45 (sext, J = 7.2 Hz, 2H), 0.89 (t, J = 7.2 Hz, 3H) ppm; 13C 
NMR (101 MHz, CDCl3) δ = 165.7 (d, J = 252 Hz), 134.0 (d, J = 3 Hz), 132.8 (d, J = 9 Hz), 
128.3 (d, J = 8 Hz), 127.7 (d, J = 8 Hz), 115.9 (d, J = 22 Hz), 115.7 (d, J = 21 Hz), 115.3 (d, J 
= 21 Hz), 32.7, 19.8, 14.3 ppm. Spectroscopic data are in a good in agreement with literature.[8] 
1,1-Bis(4-chlorophenyl)pentene (3.40c) 
 
Butyltriphenylphosphonium bromide (2.04 g, 5.1 mmol), n-BuLi (1.7 M in hexane, 3.0s mL, 
5.1 mmol) and 4,4'-dichlorobenzophenone (1.066 g, 4.24 mmol) were reacted according to 
general olefination procedure to afford 3.40c as a colorless oil (580 mg, 58%, 1.99 mmol).  
1H NMR (300 MHz, CDCl3) δ 7.36 (d, J = 7.9 Hz, 2H), 7.24 (d, J = 8.9 Hz, 2H), 7.14 (d, J = 
7.9 Hz, 2H), 7.10 (d, J = 8.9 Hz, 2H), 6.10 (t, J = 7.9 Hz, 1H), 2.09 (q, J = 7.9 Hz, 2H), 1.48 
(sext, J = 6.9 Hz, 2H), 0.92 (t, J = 6.9 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 141.0, 
139.6, 138.3, 133.0, 132.8, 131.4 (2C), 131.3, 128.6 (2C), 128.5 (2C), 128.4 (2C), 31.9, 23.1, 
14.0 ppm. Spectroscopic data are in a good in agreement with literature.[8] 
,1-Bis(4-bromophenyl)pentene (3.40d) 
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Butyltriphenylphosphonium bromide (2 g, 5 mmol), n-BuLi (1.6 M in hexane, 3.12 mL, 5 
mmol) and 4,4'-dibromobenzophenone (1.42 g, 4.18 mmol) were reacted according to general 
olefination procedure to afford 6x as a colorless oil (1.056 g, 66%, 2.78 mmol).  
1H NMR (300 MHz, CDCl3) δ 7.50  (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H), 7.07 – 6.02 
(m, 4H), 6.08 (t, J = 8.2 Hz, 1H), 2.07 (q, J = 8.2 Hz, 2H), 1.46 (sext, J = 7.2 Hz, 2H), 0.90 (t, 
J = 7.2 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 141.4 (2C), 139.7, 138.8, 131.7 (2C), 
131.6 (2C), 131.4 (2C), 128.9 (2C), 121.3, 121.1, 32.0, 23.1, 13.9 ppm. Spectroscopic data are 
in a good in agreement with literature.[8] 
1,1-Bis(4-methylphenyl)pentene (3.40e) 
 
 
 
 
Butyltriphenylphosphonium bromide (2 g, 5 mmol), n-BuLi (2.45 M in hexane, 2.04 mL, 5 
mmol) and 4,4'-dimethylbenzophenone (878 mg, 4.18 mmol) were reacted according to general 
olefination procedure to afford 3.40e as a colorless oil (810 mg, 81%, 3.24 mmol).  
1H NMR (400 MHz, CDCl3) δ 7.18 (d, J = 7.9 Hz, 2H), 7.14 (dd, J = 8.1 Hz, 2H), 7.08 (d, J = 
7.9 Hz, 4H), 6.04 (t, J = 6.9 Hz, 1H), 2.40 (s, 3H), 2.34 (s, 3H), 2.11 (q, J = 6.9 Hz, 2H), 1.47 
(sext, J = 6.9 Hz, 2H), 0.91 (t, J = 6.9 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 141.4, 
140.5, 137.7, 136.5, 136.4, 130.0 (2C), 129.2, 128.9 (2C), 128.8 (2C), 127.3 (2C), 32.0, 23.4, 
21.4, 21.2, 14.0 pp. Spectroscopic data are in a good in agreement with literature.[8] 
1,1-Bis(3-(trifluoromethyl)phenyl)pentene (3.40f) 
 
 
Butyltriphenylphosphonium bromide (2.00 g, 5 mmol), n-BuLi (1.75 M in hexane, 2.86 mL, 5 
mmol) and 3,3'-bis(trifluoromethyl)benzophenone (1.048 g, 4.18 mmol) were reacted 
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according to general olefination procedure to afford 3.40f as a colorless oil (1.155 g, 77%, 3.22 
mmol).  
1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 7.9 Hz, 1H), 7.56 – 7.46 (m, 3H), 7.44 (s, 1H), 7.41 
– 7.32 (m, 2H), 7.29 (d, J = 7.9 Hz, 1H), 6.20 (t, J = 7.9 Hz, 1H), 2.09 (q, J =  7.9 Hz, 2H), 
1.54 – 1.44 (sext, J =  7.9 Hz, 2H), 0.92 (t, J = 7.9 Hz, 3H) ppm. Spectroscopic data are in a 
good in agreement with literature.[8] 
1,1-Diphenylpropen (3.40g) 
 
Ethyltriphenylphosphonium bromide (3 g, 8.08 mmol), n-BuLi (3.24 mL, 8.08 mmol) and 
benzophenone (1.228 g, 6.74 mmol) were reacted according to general olefination procedure 
to afford 3.40g as a colourless solid  (863.6 mg, 68 %, 4.55 mmol).  
m.p.: 48-51 oC;  1H NMR (500 MHz, CDCl3) δ 7.38 (t, J = 7.3 Hz, 2H, ArH), 7.32 – 7.17 (m, 
8H, ArH), 6.18 (q, J = 7.0 Hz, 1H, C=CHCH3), 1.76 (d, J = 7.0 Hz, 3H, C=CHCH3) ppm. 13C 
NMR (101 MHz, CDCl3) δ = 143.1, 142.5, 140.1, 130.2 (2C), 128.3 (2C), 128.2 (2C), 127.3 
(2C), 127.0, 126.9, 124.3, 15.9 ppm. Spectroscopic data are in a good in agreement with 
literature.[8] 
1-(4-Anisyl)-1-phenylpropene (3.40h) (E/Z, 1:1) 
 
Ethyl triphenylphosphonium bromide (2.44 g, 6.58 mmol), n-BuLi (2.1 M in hexane, 3.14 mL, 
6.58 mmol) and 4-methoxybenzophenone (1.168 g, 5.5 mmol) were reacted according to 
general olefination procedure to afford 3.40h as a white solid (750 mg, 75%, 3.344 mmol). 
m.p.: 47-50 ºC; 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.34 (m, 2H), 7.31 – 7.09 (m, 15H), 6.94-
6.88 (m, 2H), 6.82-6.77 (m, 2H), 6.12 (q, J = 7.0, 1H), 6.08 (q, J = 7.0, 1H), 3.84 (s, 3H), 3.79 
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(s, 3H), 1.78 (d, J = 7.0 Hz, 3H), 1.74 (d, J = 7.0 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) 
δ = 158.7, 158.6, 143.5, 142.1, 142.0, 140.4, 135.9, 132.4, 131.3, 130.2, 128.4, 128.2, 128.2, 
127.4, 126.9, 126.8, 124.0, 122.6, 113.6, 113.6, 55.4, 55.4, 15.9, 15.8 ppm. Spectroscopic data 
are in a good in agreement with literature.[8] 
Ethyl-3,3-diphenylacrylate (3.40i)  
 
Prepared from triethyl phosphonoacetate (654 μL, 3.3 mmol), sodium hydride (60% in mineral 
oil, 132 mg, 5.34 mmol) and benzophenone (500 mg, 2.74 mmol) in THF (10 ml) according to 
the literature.[13] Column chromatography (hexane:ethyl acetate, 4:1→2:1) afforded 3.40i as a 
colorless oil (455 mg, 66%, 1.803 mmol); 
 1H NMR (400 MHz, CDCl3) δ 7.33 – 7.20 (m, 8H), 7.17 – 7.10 (m, 2H), 6.29 (s, 1H), 3.98 (q, 
J = 7.1 Hz, 2H), 1.04 (t, J = 7.1 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 166.2, 156.6, 
140.9, 139.1, 129.5, 129.3 (2C), 128.5 (2C), 128.4 (2C), 128.2, 128.0 (2C), 117.6, 60.2, 14.1 
ppm; Spectroscopic data are in a good in agreement with literature.[8,13] 
4-Benzyloxy-1,1-diphenyl-but-1-ene (3.40j) 
 
 
 
 
 
(3-(Benzyloxy)propyl)triphenylphosphonium bromide (3.22 g, 6,58 mmol), n-BuLi (2.1 M in 
hexane, 3.14 mL, 6.58 mmol) and benzophenone (1 g, 5.5 mmol) were reacted according to 
general olefination procedure to afford 3.40j as a colorless oil (1.07 g, 62 %, 3.4 mmol).  
1H NMR (400 MHz, CDCl3) δ 7.32 – 7.10 (m, 15H), 6.08 (t, J = 7 Hz, 1H), 4.43 (s, 2H), 3.49 
(t, J = 7 Hz, 2H), 2.39 (q, J = 7 Hz, 2H) ppm; 13C NMR (101 MHz, CDCl3) δ = 143.4, 142.7, 
140.1, 138.6, 137.7, 132.6, 130.2, 130.0, 128.5, 128.3, 128.2, 128.0, 127.8, 127.7, 127.4, 127.1 
(2C), 125.9, 72.9, 70.1, 30.6 ppm. Spectroscopic data are in a good in agreement with 
literature.[8] 
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1-Cyclopentyl-1-phenylpropene (3.40k) (E/Z, 2:3) 
 
Ethyl triphenylphosphonium bromide (2.44 g, 6.58 mmol), n-BuLi (2.1 M in hexane, 3.14 mL, 
6.58 mmol) and cyclopentyl phenyl ketone (958 mg, 5.5 mmol) were reacted according to 
general olefination procedure to afford 3.40k as a colorless oil (790 mg, 79%, 4.241 mmol). 
1H NMR (400 MHz, CDCl3) δ 7.33 (t, J = 7.6 Hz, 1.4H), 7.30 – 7.18 (m, 4H), ), 7.17 – 7.12 
(m, 2H), ), 7.12 – 7.08 (m, 1.3H), 5.56 (qd, J = 6.7, 1.2 Hz, 0.7H (E)), 5.43 (q, J = 6.9 Hz, 1H 
(Z)), 3.07 (tt, J = 10.6, 7.7 Hz, 1H (Z)), 2.72 – 2.60 (m, 0.7H (E)), 1.88 – 1.66 (m, 7H), 1.66-
1.50 (m, 7H), 1.50 – 1.45 (m, 2H), 1.45 – 1.30 (m, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 
145.4, 145., 144.1, 141.8, 129.0, 128.7, 127.9, 127.7, 126.2, 126.1, 123.9, 119.1, 48.4, 41.3, 
31.7, 31.3, 25.3, 24.7, 14.6, 13.7ppm. Spectroscopic data are in a good in agreement with 
literature.[8] 
2-Methyl-3-phenyl-4-heptene (3.40l) (E/Z, 1:2) 
 
Butyltriphenylphosphonium bromide (2.0 g, 5 mmol), n-BuLi (1.6 M in hexane, 3.14 mL, 5 
mmol) and isobutyrophenone (626 μL, 4.18 mmol) were reacted according to general 
olefination procedure to afford 3.40l as a colorless oil (435 mg, 55 %, 2.31 mmol).  
1H NMR (400 MHz, CDCl3) δ 7.27 – 7.18 (m, 2H), 7.18 – 7.15 (m, 2H), 7.15 – 7.13 (m, 0.5H), 
7.13 – 7.06 (m, 2H), 7.01 – 6.97 (m, 1H), 5.32 (td, J = 7.3, 1.1 Hz, 0.5H (E)), 5.17 (t, J = 7.3 
Hz, 1H (Z)), 2.97 (sept, J = 7.0 Hz, 1H (Z)), 2.46 (sept, J = 7.0 Hz, 0.5H (E)), 2.1 (q, J = 7.3 
Hz, 2H (Z)), 1.71 (q, J = 7.3 Hz, 1H (E)), 1.43 – 1.32 (m, 2H (Z)), 1.29 – 1.17 (m, 1H (E)), 
0.96 (d, J = 7.0 Hz, 6H (Z)), 0.93 (d, J = 6.9 Hz, 3H (E)), 0.89 (t, J = 7.3 Hz, 3H (Z)), 0.74 (t, 
J = 7.3 Hz, 1.5H (E)) ppm; 13C NMR (101 MHz, CDCl3) δ = 147.6, 146.9, 143.7, 141.7, 129.1, 
129.1, 128.9, 127.8, 127.6, 126.2, 126.2, 124.7, 36.1, 30.9, 29.9, 29.4, 23.3, 23.2, 22.1, 22.0, 
14.1, 13.9 ppm. Spectroscopic data are in a good in agreement with literature.[8] 
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2-(3-Bromophenyl)-2-hexene (3.40m) (E/Z, 1:2) 
 
Butyltriphenylphosphonium bromide (3 g, 7.52 mmol), n-BuLi (1.8 M in hexane, 4.18 mL, 
7.52 mmol) and 3'-bromoacetophenone (828 μL, 6.26 mmol) were reacted according to general 
olefination procedure to afford 3.40m as a colorless oil (1.215 g, 81%, 5 mmol).  
1H NMR (400 MHz, CDCl3): δ 7.53 (s, 0.5H), 7.43 – 7.27 (m, 3H), 7.24 – 7.14 (m, 1.5H), 7.11 
(d, J = 7.4 Hz, 1H), 5.81 (t, J = 6.8 Hz, 0.5H (E)), 5.50 (t, J = 7.0 Hz, 1H(Z)), 2.19 (q, J = 6.8 
Hz, 1H (E)), 2.01 (s, 4.5H), 1.95 (q, J = 7.1 Hz, 2H (Z)), 1.49 (sext, J = 7.0 Hz, 1H (E)), 1.36 
(sext, J = 6.9 Hz, 2H (Z)), 0.98 (t, J = 7.1 Hz, 1.5H (E)), 0.87 (t, J = 7.2 Hz, 3H (Z)) ppm. 
Spectroscopic data are in a good in agreement with literature.[8] 
1-(But-2-en-2-yl)naphthalene (3.40n) (E/Z, 3:1) 
 
Ethyl triphenylphosphonium bromide (2.44 g, 6.58 mmol), n-BuLi (2.1 M in hexane, 3.14 mL, 
6.58 mmol) and 1-acetylnapthalene (936 mg, 5.5 mmol) were reacted according to general 
olefination procedure to afford 3.40n as a colorless oil (810 mg, 81%, 4.44 mmol).  
1H NMR (500 MHz, CDCl3) δ 8.13 – 8.06 (m, 0.38H), 8.01 (dd, J = 6.0, 3.5 Hz, 1H), 7.99 – 
7.9 (m, 1.5H), 7.89 – 7.80 (m, 1.4H), 7.62 – 7.49 (m, 4.2H), 7.36 (dd, J = 13.8, 7.0 Hz, 1.4H), 
5.92 (q, J = 6.9 Hz, 1H (E)), 5.72 (q, J = 6.8 Hz, 0.35H (Z)), 2.22 (d, J = 0.9 Hz, 4H (E + Z)), 
1.99 (d, J = 6.7 Hz, 1H (Z)), 1.48 (dd, J = 6.8, 0.9 Hz, 3H (E)) ppm;  13C NMR (101 MHz, 
CDCl3) δ = 144.4, 140.6, 135.9, 135.8, 133.9, 133.9, 131.5, 131.0, 128.5, 128.4, 126.9, 126.1, 
125.9, 125.7, 125.7, 125.7, 125.6, 125.3, 125.1, 123.4, 26.2, 18.8, 15.0, 14.1 ppm. 
Spectroscopic data are in a good in agreement with literature.[8] 
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6.3.2. Synthesis of iodoarene catalysts 
2-Iodobenzene-1,3-diol (3.42a) 
 
Resorcinol (3.41a) (10 g, 90.82 mmol, 1 equiv.) was dissolved in (70 mL) H2O and cooled to 
0 oC with ice-bath. Molecular iodine (24.20 g, 95.359 mmol, 1.05 equiv.) was added with 
stirring followed by addition of solid NaHCO3 (8.39 g, 99.9 mmol, 1.1 equiv.) portion wise. 
The reaction mixture was stirred at 0 oC for additional 10 min and then left to warm to room 
temperature. Saturated aqueous Na2S2O3 solution was then added. The mixture was extracted 
with EtOAc (3 X 50 mL). The combined organic layers were washed with brine (2 X 50 mL), 
dried over anhydrous MgSO4 and concentrated in vacuo. The crude product was purified by 
recrystallization from chloroform to afford pure 3.42a as a white solid (14.91 g, 70%, 63.18 
mmol).  
m.p.: 90-93 0C; 1H NMR (400 MHz, CDCl3): δ 7.11 (t, J = 8.1 Hz, 1H, ArH), 6.56 (d, J = 8.1 
Hz, 2H, ArH), 5.31 (s, 2H, OH) ppm; 13C NMR (101 MHz, CDCl3) δ = 155.77, 130.53, 107.45, 
77.78 ppm. Spectroscopic data in a good agreement with literature.[4] 
2-Iodo-5-methylbenzene-1,3-diol (3.42b) 
 
Orcinol (3.41b) (1.5 g, 12.083 mmol, 1 eq) was dissolved in 1:1 mixture of H2O and THF (240 
mL) and cooled to 0oC. Molecular iodine (3.220 g, 12.687 mmol, 1.05 equiv.) was added with 
stirring followed by addition of solid NaHCO3 (1.117 g, 13.291 mmol, 1.1 equiv.) portion wise. 
The reaction mixture was stirred at 0 oC for additional 10 min and then left to warm to room 
temperature. Saturated aqueous Na2S2O3 solution was then added. The mixture was extracted 
with EtOAc (3 X 15 mL). The combined organic layers were washed with brine (2 X 15 mL), 
dried over anhydrous MgSO4 and concentrated in vacuo. The crude product was purified by 
recrystallization from chloroform to afford pure 3.42b as a white solid (2.17g, 72%, 8.6788 
mmol). 
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m.p.: 106- 108 0C; 1H NMR (400 MHz, CDCl3): δ = 6.42 (s, 2H, ArH), 5.19 (s, 2H, OH), 2.28 
(s, 3H, ArCH3) ppm; 
13C NMR (101 MHz, CDCl3) δ = 155.4, 141.2, 108.4, 73.6, 21.2 ppm. 
Spectroscopic data in a good agreement with literature.[4] 
Dimethyl-2,2’-((2-iodo-1,3-phenylene)bis(oxy))(2R,2’R)-dipropionate (3.44a) 
 
Under an argon atmosphere, 2-iodobenzene-1,3-diol (3.42a) (1.3 g, 5.5 mmol, 1 equiv.) was 
dissolved in dry THF (40 ml), followed by the addition of methyl (S)-lactate (1.26 g, 12.1 
mmol, 2.2 equiv.), triphenylphosphine (3.44 g, 13.12 mmol, 2.3 equiv.) and diisopropyl 
azodicarboxylate (2.66 g, 13.2 mmol, 2.4 equiv.). The reaction mixture was stirred at room 
temperature for 16 h, then concentrated under reduced pressure. The crude product was purified 
by flash column chromatography (5:1 Hexane/EtOAc) to afford pure 3.44a (1.8 g, 90%, 4.4097 
mmol).  
[α]D20: -18.0 (c = 0.7, CHCl3); 1H NMR (400 MHz, CDCl3): δ = 7.13 (t, J = 8.3 Hz, 1H), 6.37 
(d, J = 8.3 Hz, 2H), 4.77 (q, J = 6.8 Hz, 2H), 3.75 (s, 6H), 1.70 (d, J = 6.8 Hz, 6H) ppm; 13C 
NMR (101 MHz, CDCl3) δ = 172.3, 158.4, 129.8, 107.6, 80.8, 74.4, 52.5, 18.8 ppm. 
Spectroscopic data in a good agreement with literature.[4] 
Dimethyl-2,2’-((2-iodo-5-methyl-1,3-phenylene)bis(oxy))(2R,2’R)-dipropionate (3.44b) 
 
Under an argon atmosphere, 2-iodo-5-methylbenzene-1,3-diol (3.42b) (1 g, 4 mmol, 1 equiv.) 
was dissolved in dry THF (25 mL), followed by the addition of methyl (S)-lactate (0.916 g, 8.8 
mmol, 2.2 equiv.), triphenylphophine (2.4 g, 9.2 mmol, 2.3 equiv.) and diiospropyl 
azodicarboxylate (1.94 g, 9.6 mmol, 2.4 equiv.). The reaction mixture was stirred at room 
temperature for 16 h, then concentrated under reduced pressure. The crude product was purified 
by flash column chromatography (10:1→7:1 Hex/EtOAc) to afford pure 3.44b (1.649 g, 97%, 
3.9056 mmol).  
m.p.: 188-191 oC; [α]D20: - 5.45o (c = 0.7333 CHCl3); 1H NMR (400 MHz, CDCl3):  δ 6.20 (s, 
2H, ArH), 4.75 (q, J = 6.8 Hz, 2H, -O-CH(CH3)-), 3.75 (s, 6H, -COOCH3), 2.25 (s, 3H, ArCH3), 
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1.69 (d, J = 6.8 Hz, 6H, -O-CH(CH3)-) ppm; 
13C NMR (101 MHz, CDCl3) δ = 172.4, 158.1, 
140.3, 108.3, 76.9, 74.3, 52.5, 22.0, 18.8 ppm. Spectroscopic data in a good agreement with 
literature.[4] 
Dimethyl-2,2'-((2-iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))(2R,2'R)-dipropionate 
(3.44c) 
 
The synthesis and characterisation  of the title compound were described under chapter 2 (see 
compound 2.56).[14]  
Dimethyl-2,2'-((2-iodo-5-(methoxycarbonyl)-1,3-phenylene)bis(oxy))(2R,2'R) 
dipropionate (3.44d) 
 
The title compound was borrowed from my colleague Dr Wen-Chao Gao.[7]  
(2R,2’R)-2,2’-(2-Iodo-1,3-phenylene)bis(oxy)dipropanoic acid (3.45a) 
 
Dimethyl 2,2’-((2-iodo-1,3-phenylene)bis(oxy))(2R,2’R)-dipropionate  (3.44a) (1.53 g, 3.75 
mmol, 1 equiv.) was dissolved in a 1:1 mixture of THF and MeOH  (20 mL),  followed by the 
addition of a 2 M aqueous solution of NaOH (10 ml, 20.0 mmol, 5.3 equiv.). The reaction 
mixture was stirred at room temperature for 6 h, then acidified with 3 M aqueous HCl. The 
mixture was extracted with EtOAc (3 X 15 mL), the combined organic layers were washed 
with brine (2 X 15), dried over anhydrous MgSO4, filtered and concentrated under reduced 
pressure to afford 3.45a as a white solid (1.33 g, 95%, 3.4988 mmol). 
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m.p.: 99 – 101 ºC; [α]D20: - 4.9o (c = 0.8333 CH3CN); 1H NMR (500 MHz, DMSO): δ 13.04 (s, 
2H, COOH), 7.21 (t, J = 8.3 Hz, 1H, ArH), 6.42 (d, J = 8.3 Hz, 2H, ArH), 4.85 (q, J = 6.8 Hz, 
2H, -O-CH(CH3)-), 1.55 (d, J = 6.8 Hz, 6H, -O-CH(CH3)-C(=O)-)
  ppm; 13C NMR (101 MHz, 
DMSO) δ = 172.7, 157.7, 129.7, 106.0, 79.6, 72.8, 18.4 ppm . Spectroscopic data in a good 
agreement with literature.[4] 
(2R,2'R)-2,2'-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))dipropanoic acid (3.45b) 
 
As described for the synthesis of (3.45a), dimethyl 2,2'-((2-iodo-5-methyl-1,3 
phenylene)bis(oxy))(2R,2'R)-dipropionate (3.44b)  (1g, 2.36 mmol, 1 eq) and aqueous NaOH 
(2 M, 6.6 mL, 13.216 mmol, 5.6 eq) were stirred in 26 mL THF/MeOH (1:1) for 4 h at room 
temperature. Work-up afforded 3.45b as a white solid (0.9 g, 96 %, 2.283 mmol). 
 m.p.: 152-154 oC; [α]D20: - 32.78o (c = 0.8333 CHCl3); 1H NMR (400 MHz, CDCl3): δ = 6.30 
(s, 2H, ArH), 4.83 (q, J = 6.9 Hz, 2H, -O-CH(CH3)-), 2.31 (s, 3H, ArCH3), 1.73 (d, J = 6.9 Hz, 
6H, -O-CH(CH3)-) ppm; 
13C NMR (126 MHz, CDCl3) δ = 174.8, 157.3, 140.9, 108.7, 77.0, 
73.9, 22.0, 18.5 ppm. Spectroscopic data in a good agreement with literature.[4] 
(2R,2’R)-2,2’-((2-Iodo-1,3-phenylene)bis(oxy))bis(N-(2,6-
diisopropylphenyl)propanamide) (3.46a) 
 
A suspension of (2R,2’R)-2,2’-(2-iodo -1,3- phenylene)bis(oxy)dipropanoic acid (3.45a) 
(0.873 g, 2.296 mmol, 1 equiv.), oxalyl chloride (1.02 g, 8.039 mmol, 3.5 equiv.) and a catalytic 
amount of DMF were stirred in 25 mL dry CH2Cl2 for 3 h at room temperature under argon. 
The reaction mixture was concentrated under reduced pressure. The crude product (acid 
chloride) was dissolved in dry DCM (12 mL), followed by the addition of 2,6-
diisopropylaniline (2.04 g, 11.485 mmol, 5 equiv.) and pyridine (0.725 g, 9.186 mmol, 4 
equiv.) under argon. The reaction mixture was stirred at room temperature for 16 h. Aqueous 
HCl (3 M) was then added, the resulting mixture was extracted with CH2Cl2 (3 x 10 mL), the 
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combined organic layers were dried over anhydrous MgSO4, filtered and removed under 
reduced pressure. The crude product was purified by recrystallisation from methanol to afford 
pure 3.46a as a white solid (1.312g, 82 %, 1.878 mmol).  
m.p.:219-222 oC; [α]D20: - 81o (c = 0.6666 CHCl3); IR (Solid) ν/cm-1: 3050, 1724, 1602, 1560;  
1H NMR (400 MHz, CDCl3): δ  7.97 (s, 2H, NH), 7.40 (t, J = 8.3 Hz, 1H, ArH), 7.31 (t, J = 
7.8 Hz, 2H, ArH), 7.18 (d, J = 7.8 Hz, 4H, ArH), 6.70 (d, J = 8.4 Hz, 2H, ArH), 5.06 (q, J = 
6.6 Hz, 2H, -O-CH(CH3)-), 3.1-2.8 (m, 4H, Ar-CH(CH3)2), 1.80 (d, J = 6.7 Hz, 6H, -O-
CH(CH3)-), 1.19 (d, J = 6.8 Hz, 12H, Ar-CH(CH3)2), 1.13 (d, J = 5.6 Hz, 12H, Ar-CH(CH3)2) 
ppm; 13C NMR (126 MHz, CDCl3) δ = 170.52, 157.03, 146.20, 130.63, 130.04, 128.64, 123.56, 
107.12, 80.55, 76.10, 28.71, 23.61, 18.65 ppm; HRMS m/z calculated for C36H47IN2O4 [M+H]
+ 
= 699.2641; found: 699.2640.  
(2R,2’R)-2,2’-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N-(2,6 
diisopropylphenyl)propanamide) (3.46b) 
 
As described for the synthesis of 3.46a, (2R,2’R)-2,2’-(2-iodo-5-methyl-1,3- 
phenylene)bis(oxy)dipropanoic acid (3.45b) (300 mg, 0.761 mmol, 1 equiv.), oxalyl chloride 
(338 mg, 2.664 mmol, 3.5 eq) and a catalytic amount of DMF were stirred at room temperature 
in dry DCM (8 mL) for 3 h under argon. The reaction mixture was concentrated under reduced 
pressure. The crude product was re-dissolved in dry CH2Cl2 (5 mL) and treated with 2,6-
diisopropylaniline (675 mg, 3.806 mmol, 5 equiv.) and pyridine (241 mg, 3.044 mmol, 4 
equiv.). The reaction mixture was stirred at room temperature for 16 h under argon. Work-up 
and purification by flash column chromatography (8:2→1:1 Hex/EtOAc) afforded pure 3.46b 
as a white solid (0.4752 g, 88 %, 0.6667 mmol).  
m.p.: 113-116 oC; [α]D20: - 38.86o (c = 0.6 CHCl3); 1H NMR (500 MHz, CDCl3): δ = 7.91 (s, 
2H, NH), 7.31 (t, J = 7.7 Hz, 2H, ArH), 7.18 (d, J = 7.7 Hz, 4H, ArH), 6.54 (s, 2H, ArH), 5.03 
(q, J = 6.6 Hz, 2H, -O-CH(CH3)-), 3.11-2.85 (m, 4H, Ar-CH(CH3)2), 2.40 (s, 3H, ArCH3), 1.80 
(d, J = 6.6 Hz, 6H, -O-CH(CH3)-), 1.19 (d, J = 6.7 Hz, 12H, Ar-CH(CH3)2), 1.17-1.03 (m, 12H, 
Ar-CH(CH3)2) ppm; 
13C NMR (126 MHz, CDCl3) δ = 170.85, 156.88, 146.32, 141.73, 130.12, 
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128.76, 123.67, 108.21, 76.41, 76.14, 28.83, 23.72, 22.09, 18.91 ppm. Spectroscopic data in a 
good agreement with literature.[4] 
(2R,2'R)-2,2'-((2-Iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))bis(N-(2,6-
diisopropylphenyl)propanamide) (3.46c) 
 
The synthesis and characterisation of the title compound were described under chapter 2 (see 
compound 2.59).[14]  
(2R,2’R)-2,2’-((2-Iodo-1,3-phenylene)bis(oxy))bis(N-mesitylpropanamide) (3.46d) 
 
A suspension of (2R,2’R)-2,2’-(2-iodo-1,3-phenylene)bis(oxy)dipropanoic acid  (3.45a) (700 
mg, 1.841 mmol, 1 equiv.) in dry DCM (20 mL) was treated with oxalyl chloride (818 mg, 
6.445 mmol, 3.5 equiv.) and a catalytic amount of DMF under an argon atmosphere. The 
mixture was stirred at room temperature for 3 h, then concentrated under reduced pressure. The 
crude product (acid chloride) was dissolved in dry DCM (9 mL) and treated with and 2,4,6-
trimrthylaniline (996 mg, 7.366 mmol, 4 equiv.) and pyridine (583 mg, 7.366 mmol, 4 equiv.) 
under argon. The reaction mixture was stirred at room temperature for 16 h. Aqueous HCl (3 
M) was then added, the resulting mixture was extracted with CH2Cl2 (3 X 10 mL), the 
combined organic layers were dried over anhydrous MgSO4, filtered and removed under 
reduced pressure to afford 3.46d as a white solid (0.83 g, 73%, 1.351 mmol).  
m.p.: 238 – 240 ºC; [α]D20: - 109.46o (c = 0.6333 CHCl3); 1H NMR (400 MHz, CDCl3): δ = 
8.00 (s, 2H, NH), 7.35 (t, J = 8.3 Hz, 1H, ArH), 6.93 (s, 4H, ArH(Mes)), 6.67 (d, J = 8.4 Hz, 
2H, ArH), 5.01 (q, J = 6.7Hz, 2H, -O-CH(CH3)-), 2.27 (S, 6H, ArCH3(Mes)), 2.15 (S, 12H, 
ArCH3(Mes)), 1.78 (d, J = 6.7 Hz, 6H, -O-CH(CH3)-) ppm; 
13C NMR (101 MHz, CDCl3) δ = 
169.8, 157.1, 137.4, 135.2, 130.8, 130.2, 129.2, 107.2, 80.7, 76.3, 21.1, 18.9, 18.4 ppm. 
Spectroscopic data in a good agreement with literature.[4] 
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(2R,2'R)-2,2'-((2-Iodo-5-methyl-1,3-phenylene)bis(oxy))bis(N-mesitylpropanamide) 
(3.46e) 
 
 
As described for the synthesis of 3.46d, (2R,2’R)-2,2’-(2-iodo-5-methyl-1,3- 
phenylene)bis(oxy)dipropanoic acid (3.45b) (542 mg, 1.375mmol, 1 equiv.), oxalyl chloride 
(609 mg, 4.440 mmol, 3.5 equiv.) and a catalytic amount of DMF were stirred in 15 mL dry 
DCM for 3 h at room temperature under an argon atmosphere. The reaction mixture was 
concentrated in vacuo and the crude product, 2,4,6-trimethylaniline (742 mg, 5.074 mmol, 4 
equiv.) and pyridine (434 mg, 5.074 mmol, 4 equiv.) were stirred in 7 mL dry DCM for 16 h 
at room temperature under an argon atmosphere. Work-up and purification by flash column 
chromatography (8:2→2:2 Hex/EtOAc) afforded 3.46e as a white solid (0.7396 g, 86 %, 
1.1767 mmol).  
m.p.: 163 – 164 ºC; [α]D20: - 91.31o (c = 0.7666 CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.95 
(s, 2H, NH), 6.90 (s, 4H, MesH), 6.47 (s, 2H, ArH), 4.98 (q, J = 6.6 Hz, 2H, -O-CH(CH3)-), 
2.35 (s, 3H, ArCH3), 2.27 (s, 6H, Mes-CH3), 2.14 (s, 12H, Mes-CH3), 1.78 (d, J = 6.6 Hz, 6H, 
-O-CH(CH3)-) ppm; 
13C NMR (101 MHz, CDCl3) δ = 169.9, 156.8, 141.6, 137.4, 135.2, 130.2, 
129.2, 108.3, 76.5, 76.2, 22.0, 21.1, 19.0, 18.4 ppm. Spectroscopic data in a good agreement 
with literature.[4] 
(2R,2'R)-2,2'-((2-Iodo-5-(trifluoromethyl)-1,3-phenylene)bis(oxy))bis(N-
mesitylpropanamide)(3.46f) 
 
The synthesis and characterisation  of the title compound were described under chapter 2 (see 
compound 2.60).[14]  
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6.3.3. Catalytic oxidative rearrangement of alkenes 
1,2-diphenylpentan-1-one (rac-3.47a) 
 
To a stirred mixture of alkene 3.40a (28.0 mg, 0.13 mmol, 1 equiv.) an Bu4NI (9.6 mg, 0.026 
mmol, 0.2 equiv.) in MeOH/H2O (20:1, 2 mL) was added Oxone
® (120 mg, 0.95 mmol, 1.5 
equiv.). The resulting mixture was stirred overnight at room temperature. The reaction mixture 
was diluted with water (5 mL) and extracted with CH2Cl2 (3 x 5 mL). The combined organic 
phases were filtered through a TELOS Phase Separator and concentrated under vacuum. The 
crude material was purified by preparative TLC (Hexane/EtOAC, 9:1) to give pure rac-3.47a 
as a colourless oil (27 mg, 0.113 mmol,).  
1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 7.4 Hz, 2H), 7.41 (t, J = 7.4 Hz, 1H), 7.32 (t, J = 
7.4 Hz, 2H), 7.26 – 7.20(m, 4H), 7.15 – 7.10 (m, 1H), 4.49 (t, J = 7.2 Hz, 1H), 2.13 – 2.04 (m, 
1H), 1.80 – 1.68 (m, 1H), 1.30 – 1.14 (m, 2H), 0.85 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (101 
MHz, CDCl3) δ = 200.3, 140.0, 137.2, 132.9, 129.0, 128.8, 128.6, 128.4, 127.1, 53.6, 36.3, 
21.0, 14.2 ppm. Spectroscopic data are in a good in agreement with literature.[8] 
General procedure B: Catalytic asymmetric oxidative rearrangement of alkenes 
TsOH.H2O (1.5 equiv.) was added to the solution of aryl alkene (1.0 equiv.), iodoarene 3.44b 
(0.2 equiv.), mCPBA (1.0 equiv.), methanol (8.0 equiv.) in CH2Cl2/TFE (10:1) under argon. 
The reaction mixture was stirred at 0 oC for 4 h, then at room temperature for additional 16 h. 
The reaction was quenched with a (1:1) mixture of saturated aqueous Na2S2O3 and saturated 
aqueous NaHCO3 solution. Then diluted with water and extracted with CH2Cl2 (3X). The 
combined organic phases were filtered through a TELOS Phase Separator and concentrated 
under vacuum to give the crude product. 
(R)-1,2-diphenylpentan-1-one (3.47a) 
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Following the general procedure B. 1,1-Diphenylpentene (66.5 mg, 0.3 mmol), catalyst 3.44b 
(25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 mg, 0.45 mmol) and 
methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil (48.3 mg, 41%, 
0.2027 mmol, 69% ee).  
[α]D20: - 143.5o (c = 0.7666 CHCl3);  1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 7.4 Hz, 2H), 
7.41 (t, J = 7.4 Hz, 1H), 7.32 (t, J = 7.4 Hz, 2H), 7.26 – 7.20(m, 4H), 7.15 – 7.10 (m, 1H), 4.49 
(t, J = 7.2 Hz, 1H), 2.13 – 2.04 (m, 1H), 1.80 – 1.68 (m, 1H), 1.30 – 1.14 (m, 2H), 0.85 (t, J = 
7.2 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 200.3, 140.0, 137.2, 132.9, 129.0, 128.8, 
128.6, 128.4, 127.1, 53.6, 36.3, 21.0, 14.2 ppm; HPLC: YMC Chiral Amylose-C column, 
hexane/i- PrOH = 99.5/0.5, 1.0 mL/min, 10 ºC, 243 nm; tR (S) = 9.2 min, tR (R) = 11.9 min; 
69% ee. Spectroscopic data are in a good in agreement with literature.[8] 
(R)-1,2-bis(4-fluorophenyl)pentan-1-one (3.47b) 
 
Following the general procedure B. 1,1-Bis(4-fluorophenyl)pentene (155 mg, 0.6 mmol), 
catalyst 3.44b (50.6 mg, 0.12 mmol), mCPBA (134 mg, 0.6 mmol), TsOH•H2O (171 mg, 0.9 
mmol) and methanol (194 μL, 4.8 mmol). The product was obtained as a colourless oil (60.9 
mg, 38%, 0.222 mmol, 95% ee,).  
[α]D20: - 75.99o (c = 0.8333 CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.92 – 7.86 (m, 2H), 7.21 
– 7.14 (m, 2H), 7.02 – 6.95 (m, 2H), 6.93 – 6.87 (m, 2H), 4.42 (t, J = 7.3 Hz, 1H), 2.10 – 1.96 
(m, 1H), 1.75 – 1.64 (m, 1H), 1.27 – 1.10 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H) ppm; 13C NMR 
(126 MHz, CDCl3) δ 198.6, 165.7 (d, J = 255.0 Hz), 162.0 (d, J = 245.7 Hz), 135.4 (d, J = 3.2 
Hz), 133.3 (d, J = 3.0 Hz), 131.3 (d, J = 9.3 Hz), 129.8 (d, J = 8.0 Hz), 115.9 (d, J = 13.6 Hz), 
115.8 (d, J = 14.0 Hz), 52.6, 36.3, 20.9, 14.1 ppm; HPLC: YMC Chiral Amylose-C column, 
hexane/i- PrOH = 99.5/0.5, 1.0 mL/min, 10 ºC, 265 nm; tR (R) = 11.4 min, tR (S) = 12.3 min; 
95% ee. Spectroscopic data are in a good agreement with literature.[8] 
 
 
Jihan Qurban                                                                             Chapter 6: Experimental part 
__________________________________________________________________________________ 
 
 
139 
 
(R)-1,2-bis(4-chlorophenyl)pentan-1-one (3.47c) 
 
Following the general procedure B. 1,1-Bis(4-chlorophenyl)pentene (87 mg, 0.3 mmol), 
catalyst 3.44b (25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 mg, 0.45 
mmol) and methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil (32.4 
mg, 36%, 0.1055 mmol, 75% ee).  
[α]D20: - 35.2o (c = 0.8333 CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.79 (d, J = 8.8 Hz, 2H), 
7.30 (d, J = 8.8 Hz, 2H), 7.23 – 7.19 (m, 2H), 7.15-7.13 (m,  2H), 4.39 (t, J = 7.3 Hz, 1H), 2.09 
– 1.96 (m, 1H), 1.75 – 1.65 (m, 1H), 1.27 – 1.11 (m, 2H), 0.84 (t, J = 7.3 Hz, 3H) ppm; 13C 
NMR (126 MHz, CDCl3) δ = 198.7, 139.6, 138.0, 135.1, 133.1, 130.1 (2C), 129.6 (2C), 129.2 
(2C), 129.0 (2C), 52.8, 36.1, 20.9, 14.1ppm; HPLC: YMC Chiral Amylose-C column, 
hexane/i- PrOH = 99.5/0.5, 1.0 mL/min, 10 ºC, 265 nm; tR (S) = 14.3 min, tR (R) = 16.0 min; 
75% ee. Spectroscopic data are in a good in agreement with literature.[8] 
(R)-1,2-bis(4-bromophenyl)pentan-1-one (3.47d) 
 
 
 
 
 
 
 
Following the general procedure B. 1,1-Bis(4-bromophenyl)pentene (114 mg, 0.3 mmol), 
catalyst 3.44b (25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 mg, 0.45 
mmol) and methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil (39.6 
mg, 36%, 0.0999 mmol, 83% ee).  
[α]D20: - 21.6o (c = 0.8333 CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 8.8 Hz, 2H), 
7.54 (d, J = 8.8 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H), 4.44 (t, J = 7.2 Hz, 
1H), 2.14 – 2.07 (m, 1H), 1.81 – 1.74 (m, 1H), 1.34 – 1.20 (m, 2H), 0.91 (t, J = 7.2 Hz, 3H) 
ppm; 13C NMR (126 MHz, CDCl3) δ = 198.6, 138.4, 135.4, 132.1 (2C), 131.9 (2C), 130.1 (2C), 
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129.9 (2C), 128.2, 121.1, 52.8, 35.9, 20.8, 14.0 ppm; HPLC: YMC Chiral Amylose-C column, 
hexane/i- PrOH = 99.5/0.5, 1.0 mL/min, 10 ºC, 226 nm; tR (S) = 10.3 min, tR (R) = 13.8 min; 
83% ee. Spectroscopic data are in a good in agreement with literature.[8] 
(R)-1,2-di-p-tolylpentan-1-one (3.47e) 
 
 
Following the general procedure B. 1,1-Bis(4-methylphenyl)pentene (150 mg, 0.6 mmol), 
catalyst 3.44b (50.6 mg, 0.12 mmol), mCPBA (134 mg, 0.6 mmol), TsOH•H2O (171 mg, 0.9 
mmol) and methanol (194 μL, 4.8 mmol). The product was obtained as a colourless oil (52.5 
mg, 35%, 0.197 mmol, 91% ee,);  
[α]D20: - 62o (c = 0.8333 CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 8 Hz, 2H), 7.22 – 
7.17 (m, 4H), 7.09 (d, J = 8 Hz, 2H), 4.51 (t, J = 7.3 Hz, 1H), 2.35 (s, 3H), 2.28 (s, 3H), 2.19 
– 2.09 (m, 1H), 1.85 – 1.74 (m, 1H), 1.38 – 1.20 (m, 2H), 0.92 (t, J = 7.3 Hz, 3H) ppm; 13C 
NMR (101 MHz, CDCl3) δ = 200.0, 143.6, 137.1, 136.5, 134.6, 129.6 (2C), 129.3 (2C), 128.9 
(2C), 128.2 (2C), 52.9, 36.2, 21.7, 21.1, 21.0, 14.2 ppm; HPLC: YMC Chiral Amylose-C 
column, hexane/i- PrOH = 99.5/0.5, 1.0 mL/min, 10 ºC, 254 nm; tR (S) = 12.7 min, tR (R) = 
18.2 min; 91% ee. Spectroscopic data are in a good in agreement with literature.[8] 
(R)-1,2-bis(4-(trifluoromethyl)phenyl)pentan-1-one (3.47f) 
 
 
Following the general procedure B. 1,1-Bis(3-(trifluoromethyl)phenyl)pentene (107 mg, 0.3 
mmol), catalyst (3.44b) (25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 
mg, 0.45 mmol) and methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil 
(20 mg, 18%, 0.0534 mmol, 22% ee).  
[α]D20: - 40.8o (c = 0.8333 CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.21 (s, 1H), 8.11 (d, J = 7.9 
Hz, 1H), 7.77 (d, J = 7.9 Hz, 1H), 7.60 – 7.55 (m, 2H), 7.51 (app d, J = 7.9 Hz, 2H), 7.46 – 
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7.41 (m, 1H), 4.62 (t, J = 7.3 Hz, 1H), 2.25 – 2.13 (m, 1H), 1.92 – 1.79 (m, 1H), 1.39 – 1.20 
(m, 2H), 0.94 (t, J = 7.3 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 198.3, 138.4, 135.3, 
132.3 (2C), 131.8 (2C), 131.7, 131.3, 130.2 (2C), 129.7 (2C), 128.3, 121.2, 53.4, 36.3, 20.9, 
14.1 ppm (Fluorine coupling not found);  HPLC: YMC Chiral Amylose-C column, hexane/i-
PrOH = 99.75/0.25 1.0 mL/min, 10 ºC, 345 nm; tR (S) = 5.4 min, tR (R) = 6.3 min; 22% ee. 
Spectroscopic data are in a good in agreement with literature.[8] 
(R)-1,2-diphenylpropan-1-one (3.47g) 
 
 
 
 
 
Following the general procedure B. 1,1-Diphenylpropene (58 mg, 0.3 mmol), catalyst 3.44b 
(25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 mg, 0.45 mmol) and 
methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil (28.8 mg, 48%, 
0.137 mmol, 76% ee ).  
[α]D20: - 186.95o (c = 0.7666 CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.97 (d, J = 7 Hz, 2H), 
7.49 (t, J = 7.9 Hz, 1H), 7.40 (t, J = 7.9 Hz, 2H), 7.31– 7.30 (m, 4H), 7.22 (app sext, J = 4 Hz, 
1H), 4.71 (q, J = 6.9 Hz, 1H), 1.56 (d, J = 6.9 Hz, 3H) ppm; 13C NMR (126 MHz, CDCl3) δ = 
200.5, 141.6, 136.6, 132.9, 129.1 (2C), 128.9 (2C), 128.6 (2C), 127.9 (2C), 127.0, 48.0, 19.6 
ppm; HPLC: YMC Chiral Amylose-C column, hexane/i- PrOH = 98/2, 1.0 mL/min, 10 ºC, 280 
nm; tR (S) = 7.3 min, tR (R) = 8.3 min; 76% ee. Spectroscopic data are in a good in agreement 
with literature.[8] 
(R)-2-(4-methoxyphenyl)-1-phenylpropan-1-one (3.47h) 
 
Following the general procedure B. 1-(4-Anisyl)-1-phenylpropene (127 mg, 0.6 mmol), 
catalyst 3.44b (50.6 mg, 0.12 mmol), mCPBA (134 mg, 0.6 mmol), TsOH•H2O (171 mg, 0.9 
Jihan Qurban                                                                             Chapter 6: Experimental part 
__________________________________________________________________________________ 
 
 
142 
 
mmol) and methanol (194 μL, 4.8 mmol). The product was obtained as a colourless oil (34 mg, 
34%, 0.1415 mmol, 93% ee,).  
[α]D20: - 125.4o (c = 0.8666 CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.95 (d, J = 7.9 Hz, 2H), 
7.50 – 7.45 (m, 1H), 7.41 – 7.35 (m, 2H), 7.22 – 7.18 (m, 2H), 6.85 – 6.79 (m, 2H), 4.64 (q, J 
= 6.8 Hz, 1H), 3.75 (s, 3H), 1.51 (d, J = 6.8 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 
200.7, 158.6, 136.6, 133.6, 132.8, 128.9, 128.9, 128.6, 114.5, 55.3, 47.1, 19.6 ppm;  HPLC: 
YMC Chiral Amylose-C column, hexane/i- PrOH = 99.0/1.0, 1.0 mL/min, 10 ºC, 229 nm; tR 
(R) = 19 min, tR (S) = 23.5 min; 93% ee. Spectroscopic data are in a good in agreement with 
literature.[8] 
Ethyl 3-oxo-2,3-diphenylpropanoate (3.47i) 
 
Following the general procedure B. Ethyl-3,3-diphenylacrylate (75.7 mg, 0.3 mmol), catalyst 
3.44b (25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 mg, 0.45 mmol) 
and methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil (32 mg, 40%, 
0.119 mmol).  
1H NMR (400 MHz, CDCl3) δ 7.93 (t, J = 7.4 Hz, 2H), 7.50 (t, J = 7.4 Hz, 1H), 7.41 – 7.22 
(m, 7H), 5.58 (s, 1H), 4.24 – 4.13 (m, 2H), 1.21(t, J = 7.4 Hz, 3H) ppm. Spectroscopic data are 
in a good in agreement with literature.[8] 
(R)-4-(benzyloxy)-1,2-diphenylbutan-1-one (3.47j) 
 
Following the general procedure B. 4-Benzyloxy-1,1-diphenyl-but-1-ene (188.6 mg, 0.6 
mmol), catalyst 3.44b (50.6 mg, 0.12 mmol), mCPBA (134 mg, 0.6 mmol), TsOH•H2O (171 
mg, 0.9 mmol) and methanol (194 μL, 4.8 mmol). The product was obtained as a colourless oil 
(53.2 mg, 28%, 0.161 mmol, 76% ee,).  
[α]D20: - 34o (c = 1.0 CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.94 (d, J = 8.0 Hz, 2H), 7.45 (t, 
J = 7.3 Hz, 1H), 7.35 (t, J = 7.1 Hz, 2H), 7.29 – 7.22 (m, 9H), 7.19 – 7.14 (m, 1H), 4.86 (t, J = 
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7.3 Hz, 1H), 4.41 (s, 1H), 3.50 – 3.42 (m, 1H), 3.39 – 3.32 (m, 1H), 2.54 – 2.43 (m, 1H), 2.13 
– 2.02 (m, 1H) ppm; 13C NMR (101 MHz, CDCl3) δ = 200.0, 139.3, 138.7, 137.1, 133.1, 129.3, 
129.2, 129.0, 128.8, 128.7, 128.1, 128.0, 127.5, 73.1, 67.7, 50.0, 34.1 ppm; HPLC: YMC Chiral 
Amylose-C column, hexane/i- PrOH = 99.0/1.0, 1.0 mL/min, 10 ºC, 238 nm; tR (S) = 18.9 min, 
tR (R) = 19.5 min; 76% ee. Spectroscopic data are in a good in agreement with literature.
[8] 
(R)-1-cyclopentyl-2-phenylpropan-1-one (3.47k) 
 
Following the general procedure B. 1-Cyclopentyl-1-phenylpropene (168 mg, 0.9 mmol), 
catalyst 3.44b (76 mg, 0.18 mmol), mCPBA (201 mg, 0.9 mmol), TsOH•H2O (257 mg, 1.35 
mmol) and methanol (582 μL, 7.2 mmol). The product was obtained as a colourless oil (25.8 
mg, 43%, 0.1275 mmol, 7% ee,).  
[α]D20: - 174o (c = 0.6666 CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.28 – 7.23 (m, 2H), 7.19 – 
7.13 (m, 3H), 3.79 (q, J = 6.9 Hz, 1H), 2.87 – 2.75 (m, 1H), 1.79 – 1.72 (m, 1H), 1.64 – 1.38 
(m, 8H), 1.32 (d, J = 7.0 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 214.0, 141.1, 128.9, 
128.2, 127.1, 52.7, 50.1, 30.7, 29.2, 26.3, 18.2 ppm; HPLC: YMC Chiral Amylose-C column, 
hexane/i- PrOH = 99.0/1.0, 1.0 mL/min, 10 ºC, 229 nm; tR (S) = 7.1 min, tR (R) = 7.7 min; 7% 
ee. Spectroscopic data are in a good in agreement with literature.[8] 
(R)-2-methyl-4-phenylheptan-3-one (3.47l) 
 
Following the general procedure B. 2-Methyl-3-phenyl-4-heptene (56.5 mg, 0.3 mmol), 
catalyst 3.44b (25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 mg, 0.45 
mmol) and methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil (25.8 
mg, 43%, 0.1263 mmol, 33% ee).  
[α]D20: - 240o (c = 0.9 CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.26 – 7.12 (m, 5H), 3.79 (t, J = 
7 Hz, 1H), 2.65 (hept, J = 7 Hz, 1H), 1.98 – 1.85 (m, 1H), 1.67 – 1.59 (m, 1H), 1.20 – 1.08 (m, 
2H), 1.07 (d, J = 7 Hz, 3H), 0.87 – 0.74 (m, 6H) ppm; 13C NMR (101 MHz, CDCl3) δ = 214.4, 
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139.3, 128.8 (2C), 128.4 (2C), 127.1, 57.1, 39.8, 35.1, 20.9, 19.0, 18.2, 14.3 ppm; HPLC: YMC 
Chiral Amylose-C column, hexane/i- PrOH = 99.75/0.25, 1.0 mL/min, 10 ºC, 223 nm; tR (R) = 
4.9 min, tR (S) = 5.2 min; 33% ee. Spectroscopic data are in a good in agreement with 
literature.[8] 
(R)-3-(3-bromophenyl)hexan-2-one (3.47m) 
 
 
 
 
 
 
Following the general procedure B. 2-(3-Bromophenyl)-2-hexene (67.5 mg, 0.3 mmol), 
catalyst 3.44b (25.3 mg, 0.06 mmol), mCPBA (67 mg, 0.3 mmol), TsOH•H2O (85.5 mg, 0.45 
mmol) and methanol (97 μL, 2.4 mmol). The product was obtained as a colourless oil (33 mg, 
33%, 0.104 mmol, 15% ee).  
[α]D20: - 20.6o (c = 0.8333 CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.42 – 7.36 (m, 2H), 7.20 (t, 
J = 7.7 Hz, 1H), 7.16 – 7.12  (m, 1H), 3.58 (t, J = 7.4 Hz, 1H), 2.05 (s, 3H), 2.04 – 1.90 (m, 
1H), 1.70 – 1.60 (m, 1H), 1.28 – 1.11 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H) ppm; 13C NMR (101 
MHz, CDCl3) δ = 207.6, 141.2, 131.1, 130.2 (2C), 126.6, 122.8, 59.0, 33.9, 29.0, 20.5, 13.8 
ppm; HPLC: YMC Chiral Amylose-C column, hexane/i-PrOH = 99.5/0.5, 1.0 mL/min, 10 ºC, 
254 nm; tR (S) = 8.3 min, tR (R) = 9.3 min; 15% ee. Spectroscopic data are in a good in 
agreement with literature.[8] 
(R)-3-(naphthalen-1-yl)butan-2-one (3.47n) 
 
 
 
 
 
Following the general procedure B. 1-(But-2-en-2-yl)naphthalene (109.4 mg, 0.6 mmol), 
catalyst 3.44b (50.6 mg, 0.12 mmol), mCPBA (134 mg, 0.6 mmol), TsOH•H2O (171 mg, 0.9 
mmol) and methanol (194 μL, 4.8 mmol). The product was obtained as a colourless oil (39 mg, 
66%, 0.197 mmol, 12% ee,).  
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[α]D20: - 16.9o (c = 1.3 CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.4 Hz, 1H), 7.91 – 
7.88 (m, 1H), 7.84 – 7.77  (m, 1H), 7.58 – 7.43 (m, 3H), 7.33 (dd, J = 7, 1.0 Hz, 1H), 4.45 (q, 
J = 7 Hz, 1H), 2.01 (s, 3H), 1.56 (d, J = 7 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ = 
209.7, 137.1, 134.3, 131.6, 129.3, 128.0, 126.7, 126.0, 125.9, 125.3, 123.2, 50.2, 28.2, 17.1 
ppm; HPLC: YMC Chiral Amylose-C column, hexane/i-PrOH = 99.0/1.0, 1.0 mL/min, 10 ºC, 
254 nm; tR (S) = 7.0 min, tR (R) = 7.6 min; 12% ee. Spectroscopic data are in a good in 
agreement with literature.[8] 
1,1-diphenylpentan-2-one (3.48) 
 
TsOH.H2O (85.5 mg, 0.45 mmol, 1.5 equiv.) was added to the solution of 1,1-Diphenylpentene 
(66.7 mg,0.3 mmol, 1.0 equiv.), mCPBA (51.7 mg, 0.3 mmol, 1.0 equiv.), methanol (97 μL, 
2.4 mmol, 8.0 equiv.) in CH2Cl2/TFE (10:1)(3.5 mL) under argon. The reaction mixture was 
stirred at 0 oC for 4 h, then at room temperature for additional 16 h. The reaction was quenched 
with a (1:1) mixture of saturated aqueous Na2S2O3 and saturated aqueous NaHCO3 solution. 
Then diluted with water and extracted with CH2Cl2 (3X3 mL). The combined organic phases 
were filtered through a TELOS Phase Separator and concentrated under vacuum. The crude 
material was purified by preparative TLC to give pure 3.48 as a colourless oil (50.8 mg, 0.213 
mmol, 71%,). 
1H NMR (400 MHz, CDCl3) δ 7.34 (t, J = 7.2 Hz, 4H), 7.30 – 7.22 (m, 6H), 5.14 (s, 1H), 2.54 
(t, J = 7.3 Hz, 2H), 1.63 (sex, J = 7.4 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H) ppm. Spectroscopic data 
are in a good agreement with literature.[15] 
Benzophenone (3.49) 
 
Isolated from the above reaction but using m-CPBA (1.5 equiv.). (15.5 mg, 0.085 mmol, 31%). 
1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 7.3 Hz, 4H), 7.59 (t, J = 7.4 Hz, 2H), 7.49 (t, J = 
7.7 Hz, 4H) ppm. Spectroscopic data are in a good agreement with literature.[16] 
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Oxyfluorination products 3.50 and 3.51 
TsOH.H2O (85.5 mg, 0.45 mmol, 1.5 equiv.) was added to the solution of 1,1-diphenylpentene 
(3.40a) (66.7 mg,0.3 mmol, 1.0 equiv.), Selectfluor®  (106.3 mg, 0.3mmol, 1.0 equiv.), 
methanol (97 μL, 2.4 mmol, 8.0 equiv.) in CH2Cl2/TFE (10:1)(3.5 mL) under argon. The 
reaction mixture was stirred at 0 oC for 4 h, then at room temperature for additional 16 h. The 
reaction was quenched with a (1:1) mixture of saturated aqueous Na2S2O3 and saturated aqueous 
NaHCO3 solution. Then diluted with water and extracted with CH2Cl2 (3X3 mL). The 
combined organic phases were filtered through a TELOS Phase Separator and concentrated 
under vacuum.  
(2-Fluoro-1-methoxypentane-1,1-diyl)dibenzene (3.50) 
 
 
 
colorless oil (22.9 mg, 0.084 mmol, 28%).  
IR (neat) ν/cm-1: 3024, 2958, 1076; 1H NMR (400 MHz, CDCl3) δ 7.50 – 6.99 (m, 10H, ArH), 
5.39 – 5.17 (m, 1H, CHF), 3.12 (s, 3H, OMe), 1.54 – 1.40 (m, 2H, CH2CH2CH3), 1.40 – 1.22 
(m, 2H, CH2CH2CH3), 0.80 (t, J = 7.0 Hz, 3H, CH2CH2CH3) ppm. 
13C NMR (126 MHz, 
CDCl3) δ 141.18, 128.56, 127.85, 127.20 (d, J = 10.0 Hz), 95.84 (d, J = 182.0 Hz), 83.72 (d, J 
= 19.3 Hz), 52.68 (d, J = 12.2 Hz), 31.37, 19.05, 13.87 ppm; 19F NMR (471 MHz, CDCl3): δ 
= -186.99 ppm; HRMS: m/z calculated for C17H18F [M - MeO]
+ = 241.1393; found: 241.1393. 
2-Fluoro-1,1-diphenylpentan-1-ol (3.51) 
 
White solid (9.3 mg, 0.036 mmol, 12%). 
m.p.:109 -111 OC; IR (solid) ν/cm-1: 3556, 33028, 2958;  1H NMR (500 MHz, CDCl3) δ 7.47 
(d, J = 7.5 Hz, 2H, ArH), 7.35 – 7.10 (m, 8H, ArH), 5.31 (dd, J = 47.4, 10.2 Hz, 1H, CHF), 
2.52 (s, 1H, OH), 1.82 – 1.50 (m, 1H, CH2CH2CH3), 1.59 – 1.37 (m, 1H, CH2CH2CH3), 1.37 
– 0.96 (m, 2H, CH2CH2CH3), 0.80 (t, J = 7.1 Hz, 3H, CH2CH2CH3) ppm. 13C NMR (126 MHz, 
CDCl3) δ 144.83, 128.26, 127.22 (d, J = 20.6 Hz), 126.78, 125.85, 96.05 (d, J = 177.8 Hz), 
79.14 (d, J = 21.0 Hz), 30.88 (d, J = 21.2 Hz), 18.92, 13.83 ppm; 19F NMR (471 MHz, CDCl3): 
δ = -189.479 ppm; HRMS: m/z calculated for C17H18F [M- OH]+ = 241.1393; found: 241.1393. 
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6.4. Experimental data for chapter 4: Indirect anodic oxidative rearrangement of 
alkenes 
 
Cyclic voltammetry 
Entry Compound Ep
ox (V) 
1 
 
2.35 
2 
 
1.86 
3 
 
2.00 
4 
 
2.20 
5 
 
2.15 
Oxidative cyclic voltammograms of the substrates (2 mM) measured in acetonitrile containing 0.1 M 
of Bu4NClO4 at 100 mV/s scan rate. Working electrode: glassy carbon (3 mm diameter); Platinum 
wire as a counter electrode and Ag/AgCl in 3M NaCl as a reference electrode. 
General procedure C: 
A 10 mL three-necked round-bottomed flask was equipped with a magnetic stirrer, two 
platinum plates (1.0×1.0 cm, each) electrodes and charged with TFE (4 mL). The Alkene (0.1 
mmol, 1 equiv.), chiral iodoarene (0.1 mmol, 1 equiv.) and supporting electrolyte, n-Bu4NBF4 
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(0.2 mmol, 2 equiv.). The resulting mixture was electrolysed at constant current (7.0 mA) for 
63 min at room temperature. The solvent was removed under reduced pressure and the crude 
material was purified by flash column chromatography (Petroleum ether:EtOAc, 9:1) afforded 
the pure product. 
(R)-1,2-diphenylpropan-1-one (4.32a) 
 
 
 
 
  
Following the general procedure C. 1,1-Diphenylpropene (19.5 mg, 0.1 mmol), catalyst 4.29 
(40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE (4 mL). The product 
was obtained as a colourless oil (7.6 mg, 38%, 0.0361 mmol, ee = 55%). Spectroscopic and 
HPLC data were reported under chapter 3 (see compound 3.47g). 
(R)-1,2-diphenylpentan-1-one (4.32b) 
 
Following the general procedure C. 1,1-Diphenylpentene (22.3 mg, 0.1 mmol), catalyst 4.29 
(40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE (4 mL). The product 
was obtained as a colourless oil (4 mg, 20%, 0.0168 mmol, ee = 12%). Spectroscopic and 
HPLC data were reported under chapter 3 (see compound 3.47a). 
(R)-1,2-bis(4-fluorophenyl)pentan-1-one (4.32c) 
 
 
Following the general procedure C. 1,1-Bis(4-fluorophenyl)pentene (26 mg, 0.1 mmol), 
catalyst 4.29 (40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE (4 mL). 
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The product was obtained as a colourless oil (8 mg, 30%, 0.0291 mmol, ee = 95%). 
Spectroscopic and HPLC data were reported under chapter 3 (see compound 3.47b). 
(R)-1,2-bis(4-chlorophenyl)pentan-1-one (4.32d) 
 
Following the general procedure. 1,1-Bis(4-chlorophenyl)pentene (29 mg, 0.1 mmol), catalyst 
4.29 (40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE (4 mL). The 
product was obtained as a colourless oil (9 mg, 30%, 0.0293 mmol, ee = 97%). Spectroscopic 
and HPLC data were reported under chapter 3 (see compound 3.47c). 
 
(R)-1,2-bis(4-bromophenyl)pentan-1-one (4.32e) 
 
 
 
 
 
 
 
Following the general procedure C. 1,1-Bis(4-bromophenyl)pentene (38 mg, 0.1 mmol), 
catalyst 4.29 (40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE (4 mL). 
The product was obtained as a colourless oil (5.07 mg, 13%, 0.0128 mmol, ee = 99%). 
Spectroscopic and HPLC data were reported under chapter 3 (see compound 3.47d). 
(R)-1,2-bis(4-(trifluoromethyl)phenyl)pentan-1-one (4.32f) 
 
 
Following the general procedure C. 1,1-Bis(3-(trifluoromethyl)phenyl)pentene (35.8 mg, 0.1 
mmol), catalyst 4.29 (40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE 
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(4 mL). The product was obtained as a colourless oil (7.77 mg, 21%, 0.0208 mmol, ee = 7%). 
Spectroscopic and HPLC data were reported under chapter 3 (see compound 3.47f). 
(R)-1,2-di-p-tolylpentan-1-one (4.32g) 
 
 
Following the general procedure C. 1,1-Bis(4-methylphenyl)pentene (25 mg, 0.1 mmol), 
catalyst 4.29 (40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE (4 mL). 
The product was obtained as a colourless oil (10 mg, 38%, 0.03754 mmol, ee = 71%). 
Spectroscopic and HPLC data were reported under chapter 3 (see compound 3.47e). 
(R)-4-(benzyloxy)-1,2-diphenylbutan-1-one (4.32h) 
 
Following the general procedure C. 4-Benzyloxy-1,1-diphenyl-but-1-ene (31.4 mg, 0.1 mmol), 
catalyst 4.29 (40.8 mg, 0.1 mmol), electrolyte n-Bu4NBF4 (66 mg, 0.2 mmol) in TFE (4 mL). 
The product was obtained as a colourless oil (12 mg, 40%, 0.0363 mmol, ee = 65%). 
Spectroscopic and HPLC data were reported under chapter 3 (see compound 3.47j). 
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6.5. Experimental data for chapter 5: Secondary interactions in hypervalent iodine 
chemistry 
2-Aminophenyl)(furan-2-yl)methanone (5.17)  
 
To a stirred solution of furan (9.0 mL, 114 mmol, 4.5 equiv.) in dry THF (100 mL) at –78 °C 
n-BuLi (2.5 M in hexane, 45 mL, 114 mmol, 4.5 equiv.) was added. The solution left to warm 
to room temperature overnight, diluted with dry THF. The solution was then added slowly to 
a cooled (–78°C) stirred solution of 2-cyanoaniline (3.0 g, 25 mmol, 1 equiv.) in dry THF (100 
mL). Stirring was continued at room temperature for 12 h. The reaction mixture was then 
poured into ice and acidified with HCl (4 N) and stirred for 30 min. Solid Na2CO3 was then 
added portion wise with stirring until pH > 10, then extracted with diethyl ether (3 x 100 mL). 
The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated 
under reduced pressure, the residue was purified by column chromatography (CH2Cl2/pentane, 
8:2) to afford pure 5.17 as brown oil (3.0 g, 16 mmol, 64%). 
 1H NMR (400 MHz, CDCl3) δ = 7.90 (dd, J = 8.0, 1.4 Hz, 1H), 7.66 (dd, J = 1.7, 0.8 Hz, 1H), 
7.29 (ddd, J = 8.5, 7.1, 1.6 Hz, 1H), 7.12 (dd, J = 3.5, 0.8 Hz, 1H), 6.76 – 6.65 (m, 2H), 6.55 
(dd, J = 3.5, 1.7 Hz, 1H), 5.88 (s, 2H) ppm. 13C NMR (101 MHz, CDCl3) δ = 183.9, 152.7, 
150.5, 146.4, 134.1, 132.3, 119.6, 118.3, 117.1, 116.1, 112.0 ppm. Spectroscopic data are in a 
good agreement with literature.[17] 
(2-Aminophenyl)(thiophen-2-yl)methanone (5.18)  
 
To a stirred solution of thiophene (6.0 mL, 76.5 mmol,4.5 equiv.) in dry THF (50 mL) at –78 
°C n-BuLi (2.5 M in hexane, 30.6 mL, 76.5 mmol, 4.5 equiv.) was added. The solution left to 
warm to room temperature overnight, diluted with dry THF. The solution was then added 
slowly to a cooled (–78°C) stirred solution of 2-cyanoaniline (2.0 g, 17 mmol, 1 equiv.) in dry 
THF (50 mL). Stirring was continued at room temperature for 12 hours. The reaction mixture 
was then poured into ice and acidified with HCl (4 N) and stirred for 30 min. Solid Na2CO3 
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was then added portionwise with stirring until pH > 10, then extracted with diethyl ether (3 x 
80 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and 
concentrated under reduced pressure, the residue was purified by column chromatography 
(CH2Cl2) to afford pure 5.18 as brown oil (2.75 g, 13.5 mmol, 80%).  
1H NMR (400 MHz, CDCl3) δ = 7.77 (dd, J = 8.0, 1.6, 1H), 7.65 (dd, J = 5.0, 1.1, 1H), 7.57 
(dd, J = 3.8, 1.1, 1H), 7.29 (ddd, J = 14.4, 8.0, 4.4, 1H), 7.13 (dd, J = 5.0, 3.8, 1H), 6.77 – 6.65 
(m, 2H), 5.55 (s, 2H) ppm. 13C NMR (101 MHz, CDCl3) δ = 189.6, 150.0, 144.9, 134.0, 133.9, 
132.9, 132.9, 127.7, 119.2, 117.1, 116.1 ppm.  Spectroscopic data are in a good agreement  with 
literature.[17] 
Furan-2-yl(2-iodophenyl)methanone (5.19) 
 
To a cold stirred solution of (2-aminophenyl)(furan-2-yl)methanone(5.17) (3.0 g, 16.0 mmol, 
1 equiv.) in water (40 mL) and concentrated HCl (2 mL) was added slowly a solution of sodium 
nitrite (1.13 g, 16.3 mmol, 1 equiv.) in water (2.5 mL). After stirring for additional 5 min, a 
solution of potassium iodide (2.71 g, 16.3 mmol, 1 equiv.) in water (5 mL) was added. After 
removing the cooling bath and stirring at room temperature for 5 min, the reaction mixture was 
heated to 90 °C with stirring for 10 min. After cooling to room temperature, the precipitated 
solid was filtered off and washed with water. The crude product was purified by column 
chromatography (hexane/ethyl acetate 9:1) to give pure 5.19 as a pale yellow solid (3.15 g, 
10.6 mmol, 66%).  
m.p. 75 – 77 °C; IR (solid) ν/cm–1: 3068,1639, 1577; 1H NMR (400 MHz, CDCl3) δ = 7.96 – 
7.91 (m, 1H), 7.71 (dd, J = 1.7, 0.8, 1H), 7.47 – 7.38 (m, 2H), 7.19 (ddd, J = 8.0, 7.1, 2.1, 1H), 
7.03 (dd, J = 3.6, 0.7, 1H), 6.58 (dd, J = 3.6, 1.7, 1H) ppm. 13C NMR (75 MHz, CDCl3) δ = 
184.1, 151.1, 148.2, 142.9, 139.9, 131.7, 128.6, 127.8, 122.2, 112.8, 92.5 ppm. HRMS: m/z 
calcd for C11H8IO2 [M+H]
+ = 298.9563; found: 298.9561. 
(2-Iodophenyl)(thiophen-2-yl)methanone (5.20) 
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(2-Aminophenyl)(thiophen-2-yl)methanone (5.18) (2.0 g, 9.84 mmol, 1 equiv.) was added to a 
solution of p-TsOH·H2O (5.6 g, 29.5 mmol, 3 equiv.) in MeCN (7 mL). The reaction mixture 
was cooled to 10–15 °C, then a solution of NaNO2 (1.357 g, 19.68 mmol, 2 equiv.) and KI (4.0 
g, 24.6 mmol, 2.5 equiv.) in H2O (3 mL) was added slowly. The cooling bath was removed, 
and the reaction mixture was stirred at room temperature for 4 h. Water (30 mL) was then 
added followed by NaHCO3 solution (1 M) until pH 9–10 then Na2S2O3 solution (2 M, 4 mL). 
The mixture was extracted with CH2Cl2 and purified by flash chromatography (Hexane/Et2O 
9:1) to give pure 5.20 as a brown oil (2.856 g, 9 mmol, 95%).  
IR (neat) ν/cm–1: 3089,1633, 1514; 1H NMR (400 MHz, CDCl3) δ = 7.93 (dd, J = 8.0, 1.0 Hz, 
1H), 7.78 (dd, J = 4.9, 1.2 Hz, 1H), 7.44 (td, J = 7.4, 1.0 Hz, 1H), 7.39 (dt, J = 3.3, 2.1 Hz, 2H), 
7.18 (ddd, J = 7.9, 7.3, 1.9 Hz, 1H), 7.12 (dd, J = 4.9, 3.8 Hz, 1H) ppm. 13C NMR (126 MHz, 
CDCl3) δ = 189.5, 144.3, 143.1, 140.0, 136.3, 135.9, 131.4, 128.5, 128.3, 127.8, 92.3 ppm. 
HRMS: m/z calcd for C11H8IOS [M+H]
+ = 314.9335; found: 314.9333. 
2-Phenyl-4H-benzoxazin-4-one (5.22)  
 
Powdered Na2CO3 (13.73 g, 129.6 mmol, 2 equiv.) was added to a cooled (ice bath) stirred 
mixture of anthranilic acid (8.88 g, 64.8 mmol, 1 equiv.) in THF (130 ml), followed by the 
addition of benzoyl chloride (18.8 ml, 162 mmol, 2.5 equiv.). The cooling bath was removed 
after 10 min stirring was continued at room temperature overnight. Water (130 ml), was then 
added, stirring was continued for additional 10. The formed yellow solid was filtered off, 
washed with water and 50% aqueous methanol. A second crop was obtained from the filtrate 
upon standing. The combined crops were dried at 50 °C under high vacuum to give 5.22 (13.9 
g, 62.3 mmol, 96%) as a pale yellow solid.  
m.p. 122 – 125 °C, (lit:17 119 °C); 1H NMR (400 MHz, CDCl3): δ= 8.36 – 8.29 (m, 2H), 8.25 
(dd, J = 7.9, 1.5 Hz, 1H), 7.87 – 7.80 (m, 1H), 7.71 (dd, J = 8.1, 0.6, 1H), 7.60 – 7.49 (m, 4H) 
ppm. 13C NMR (101 MHz, CDCl3) δ = 159.8, 157.3, 147.1, 136.7, 132.8, 130.3, 128.9, 128.8, 
128.5, 128.4, 127.4, 117.2 ppm. Spectroscopic data are in a good agreement  with literature.[18] 
N-[2-(1H-Pyrrol-2-carbonyl)phenyl]benzamide (5.23) 
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A solution of EtMgCl (2.8 M in THF, 9.75 mL, 27.3 mmol, 2.1 equiv.) in dry THF (5 mL) was 
cooled to 0 °C, then a solution of pyrrole (2.1 mL, 30.3 mmol, 2.3 equiv.) in dry toluene (2 
mL) was added dropwise over 20 min. The mixture was then stirred at room temperature for 
20 min, then a suspension of 5.22 (2.9 g, 13.0 mmol, 1 equiv.) in THF (3 mL) was added. After 
stirring for additional 45 min, the reaction mixture was heated under reflux for 3 h. Sat. aq. 
NH4Cl solution (3 mL) was then added to the hot mixture over 5 min, stirring was continued 
for 20 min, then Na2SO4 (3 g) was added. The mixture was stirred for additional 20 min then 
filtered off. The collected solid was washed with THF, and the combined organic filtrate and 
washes were evaporated under reduced pressure. The residue was suspended in toluene (15 
mL), and cooled in an ice bath, the formed solid was collected by filtration and washed with 
hexane, dried at room temperature overnight under high vacuum to give 5.23 as light green 
crystals (3.66 g, 12.6 mmol, 97%).  
m.p.: 139 – 142 ºC; 1H NMR (400 MHz, DMSO) δ = 12.17 (s, 1H), 11.12 (s, 1H), 8.27 (dd, J 
= 8.2, 0.9 Hz, 1H), 7.90 – 7.86 (m, 2H), 7.84 (dd, J = 7.8, 1.5 Hz, 1H), 7.66 – 7.50 (m, 4H), 
7.30 (td, J = 7.6, 1.1 Hz, 1H), 7.23 (dd, J = 2.3, 1.4 Hz, 1H), 6.76 (dd, J = 3.8, 1.3 Hz, 1H), 
6.27 (dd, J = 3.8, 2.4 Hz, 1H) ppm. 13C NMR (101 MHz, DMSO) δ = 184.6, 164.7, 137.8, 
134.4, 132.2, 132.0, 131.0, 130.9, 128.8, 127.2, 127.1, 123.7, 122.5, 120.3, 110.7 ppm. 
Spectroscopic data are in a good agreement  with literature.[18] 
(2-Aminophenyl)(1H-pyrrol-2-yl)methanone (5.24)  
 
A mixture of N-[2-(1H-pyrrol-2-carbonyl)phenyl]benzamide (5.23) (3.5 g, 12 mmol), 
methanol (24 mL) and aqueous NaOH (10 M, 6 mL) was refluxed for 24 h. Water (17 mL) was 
added to the solution while hot and stirred for 3 h at room temperature. The formed precipitate 
was filtered and washed with cold water then dried under vacuum and crystallised from toluene 
to give 5.24 as off-white solid (1.97 g, 10.6 mmol, 99%).  
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m.p. 125 – 127 °C (lit:[18] 125 – 126 °C). 1H NMR (400 MHz, CDCl3) δ = 9.55 (s, 1H), 7.86 
(dd, J = 8.2, 1.6 Hz, 1H), 7.29 (dd, J = 8.2, 1.6 Hz, 1H), 7.09 (td, J = 2.7, 1.3 Hz, 1H), 6.85 
(ddd, J = 3.8, 2.4, 1.3 Hz, 1H), 6.76 – 6.68 (m, 2H), 6.33 (dt, J = 3.8, 2.6 Hz, 1H), 5.54 (s, 2H) 
ppm. 13C NMR (101 MHz, CDCl3) δ = 186.0, 149.4, 133.3, 132.2, 131.9, 124.4, 119.9, 118.7, 
117.0, 116.3, 111.0 ppm. Spectroscopic data are in a good agreement  with literature.[18] 
(2-Iodophenyl)(1H-pyrrol-2-yl)methanone (5.25) 
 
(2-Aminophenyl)(1H-pyrrol-2-yl)methanone (5.24) (1.22 g, 6.5 mmol, 1 equiv.) was added to 
a solution of p-TsOH·H2O (3.7 g, 19.6 mmol, 3 equiv.) in MeCN (5 mL). The reaction mixture 
was cooled to 10–15 °C, then a solution of NaNO2 (0.9 g, 13.7 mmol, 2 equiv.) and KI (2.5 g, 
16.3 mmol, 2.5 equiv.) in H2O (4 mL) was added slowly. The cooling bath was removed, and 
the reaction mixture was stirred at room temperature overnight. Water (20 mL) was then added 
followed by NaHCO3 solution (1 M) until pH 9–10 then Na2S2O3 solution (2 M, 4 mL). The 
mixture was extracted with CH2Cl2 and purified by flash chromatography (hexane/ethyl acetate 
3:2) to give pure 5.25 as a red solid (1.74 g, 5.8 mmol, 92%).  
m.p. 105 – 107 °C. IR (solid) ν/cm–1: 3221, 3122, 1602, 1577. 1H NMR (500 MHz, CDCl3) δ 
= 9.75 (s, 1H), 7.94 (d, J = 7.89 Hz, 1H), 7.47 – 7.39 (m, 2H), 7.22 – 7.13 (m, 2H), 6.57 (ddd, 
J = 3.8, 2.4, 1.4 Hz, 1H), 6.31 (dt, J = 3.8, 2.5 Hz, 1H) ppm. 13C NMR (101 MHz, CDCl3) δ = 
186.0, 143.7, 140.1, 131.3, 131.0, 128.9, 127.7, 126.8, 121.2, 111.5, 93.0 ppm. HRMS: m/z 
calcd for C11H9INO [M+H]
+ = 297.9723; found: 297.9727. 
(2-Iodophenyl)(1-methyl-1H-pyrrol-2-yl)methanone (5.26) 
 
To a solution of the 5.25 (50 mg, 0.168 mmol, 1equiv.) in dry THF (1 mL), NaH (13.5 mg, 
0.337 mmol, 2 equiv.) and methyl iodide (59 μL, 0.95 mmol, 5.6 equiv.) were added. The 
reaction mixture was stirred at room temperature under N2 atmosphere for 24 h and the solvent 
removed under reduced pressure. The residue was dissolved in ether (2 mL) and washed with 
water (2 mL). The aqueous phase was extracted with ether (3 x 2 mL). The combined ether 
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extracts were washed with 10% Na2S2O3 solution (2 mL) and water (2 mL), dried over MgSO4, 
filtered and the filtrate was evaporated under vacuum to give 5.26 as a red solid (44 mg, 0.14 
mmol, 88%).  
m.p. 112 – 114 °C. IR (solid) ν/cm–1: 3124, 1624, 1521. 1H NMR (400 MHz, CDCl3): δ = 7.89 
(dd, J = 4.4, 4.0 Hz, 1H), 7.42 – 7.33 (m, 2H), 7.12 (ddd, J = 8.0, 6.9, 2.3 Hz, 1H), 6.95 (t, J = 
2.0 Hz, 1H), 6.42 (dd, J = 4.1, 1.7 Hz, 1H), 6.11 (dd, J = 4.1, 2.4 Hz, 1H), 4.09 (s, 3H) ppm. 
13C NMR (101 MHz, CDCl3) δ = 186.9, 145.4, 139.6, 132.7, 130.7, 129.9, 128.4, 127.6, 124.3, 
108.8, 93.1, 37.7 ppm. HRMS: m/z calcd for C12H11INO [M+H]
+ = 311.9880; found: 311.9879. 
3-(Furan-2-yl)-1-hydroxy-1H-λ3-benzo[d][1,2]iodaoxol-2-ium 4-methylbenzenesulfonate 
(5.29) 
 
m-Chloroperbenzoic acid (135 mg, 0.6 mmol, 1.2 equiv.) was added to a stirred solution of 
5.19 (150 mg, 0.5 mmol, 1 equiv.) in dichloromethane/TFE (1:1 v/v, 5 mL), followed by 
TsOH•H2O (96 mg, 0.50 mmol, 1 equiv.). Stirring was continued at room temperature for 30 
min. The reaction mixture was then concentrated under a stream of air, diethyl ether (10 mL) 
was then added to the residue. The resulting precipitate was filtered off and dried to give 5.29 
as a yellow solid (211 mg, 0.43 mmol, 86%).  
m.p. 130 – 133 °C. IR (solid) ν/cm–1: 3406, 3128, 1716, 1585. 1H NMR (400 MHz, CD3OD) δ 
= 9.34 (dd, J = 8.0, 1.3 Hz, 1H), 8.37 (dd, J = 1.6, 0.7 Hz, 1H), 8.26 (ddd, J = 8.4, 7.1, 1.4 Hz, 
1H), 8.22 – 8.16 (m, 2H), 8.03 (ddd, J = 8.2, 5.6, 1.2 Hz, 1H), 7.72 – 7.66 (m, 2H), 7.22 (d, J 
= 7.9 Hz, 2H), 7.03 (dd, J = 3.9, 1.6 Hz, 1H), 2.36 (s, 3H) ppm. 13C NMR (101 MHz, CD3OD) 
δ = 182.8, 155.2, 152.1, 143.5, 141.7, 139.6, 137.8, 133.0, 132.2, 130.6, 129.8, 128.6, 127.0, 
124.5, 116.4, 21.3 ppm. 
1-Hydroxy-3-(thiophen-2-yl)- 1H-λ3-benzo[d][1,2]iodaoxol-2-ium 4-
methylbenzenesulfonate (5.30) 
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m-Chloroperbenzoic acid (128 mg, 0.57 mmol, 1.2 equiv.) was added to a stirred solution of 
5.20 (150 mg, 0.48 mmol, 1 equiv.) in CH2Cl2/TFE (1:1 v/v, 5 mL), followed by TsOH•H2O 
(91 mg, 0.48 mmol, 1 equiv.). Stirring was continued at room temperature for 30 min. The 
reaction mixture was then concentrated under a stream of air, diethyl ether (10 mL) was then 
added to the residue. The resulting precipitate was filtered off and dried to give 5.30 as a red 
gummy material (204 mg, 0.41 mmol, 85%).  
IR (neat) ν/cm–1: 3421, 3088, 2922, 1583. 1H NMR (400 MHz, CD3OD) δ= 9.02 (dd, J = 7.9, 
1.3 Hz, 1H), 8.60 (dd, J = 4.1, 1.0 Hz, 1H), 8.45 (dd, J = 4.9, 1.0 Hz, 1H), 8.29 (ddd, J = 8.4, 
7.2, 1.3 Hz, 1H), 8.22 (dd, J = 8.3, 1.1 Hz, 1H), 8.07 – 8.02 (m, 1H), 7.70 (d, J = 8.2 Hz, 2H), 
7.52 (dd, J = 4.9, 4.1 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 2.37 (s, 3H) ppm. 13C NMR (126 MHz, 
CD3OD) δ = 190.3, 143.4, 143.2, 141.9, 141.7, 139.6, 138.3, 137.4, 133.0, 132.6, 131.5, 129.9, 
128.9, 126.9, 124.5, 21.3 ppm. 
Methyl phenyl sulfoxide (5.31)  
 
To a solution 5.29, 5.30, or Koser’s reagent (0.24 mmol, 1.2 equiv.) in acetonitrile (1 mL) was 
added thioanisole (25.0 mg, 23.5 µl, 0.2 mmol, 1 equiv.). The mixture was stirred at room 
temperature for overnight, then 5% aqueous Na2S2O3 (5 mL) and saturated NaHCO3 (5 mL) 
were added, and the mixture was extracted with CH2Cl2. The organic phase was dried over 
anhydrous Na2SO4 and concentrated under vacuum. Purification by preparative TLC 
(hexane/ethyl acetate 3:1) afforded 26 mg (92%) of pure 5.31 as a yellow oil.  
1H NMR (500 MHz, CDCl3) δ 7.67-7.63 (m, 2H), 7.57-7.48 (m, 3H), 2.73 (s, 3H) ppm. 13C 
NMR (126 MHz, CDCl3) δ = 145.94, 131.18, 129.51, 123.65, 44.15 ppm. Spectroscopic data 
are in a good agreement  with literature.[19] 
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p-Chlorophenyl methyl sulfoxide (5.32)  
 
To a solution 5.29 or 5.30 (0.15 mmol, 1.2 equiv.) in acetonitrile (1 mL) was added p-
Chlorophenyl methyl sufide (20 mg, 0.125 mmol, 1 equiv..). The mixture was stirred at room 
temperature for overnight, then 5% aqueous Na2S2O3 (5 mL) and saturated NaHCO3 (5 mL) 
were added, and the mixture was extracted with CH2Cl2. The organic phase was dried over 
anhydrous Na2SO4 and concentrated under vacuum. Purification by preparative TLC 
(hexane/ethyl acetate 3:1) afforded 20 mg (90%) of pure 5.32 as a yellow oil.  
1H NMR (500 MHz, CDCl3) δ 7.59 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 8.2 Hz, 2H), 2.72 (s, 3H) 
ppm. 13C NMR (126 MHz, CDCl3) δ = 144.4, 137.4, 129.8, 125.1, 44.2 ppm. Spectroscopic 
data are in a good agreement  with literature.[19,20] 
4-Hydroxy-4-methylcyclohexa-2,5-dienone (5.33)  
 
To a solution 5.29 or 5.30 or Koser’s reagent (0.15 mmol, 1.2 equiv.) in CH2Cl2 (1.5 mL) and 
water (75 μL) p-cresol (14 mg, 0.125 mmol, 1 equiv.) was added. The mixture was stirred at 0 
°C to room temperature for 24 h, then 5% aqueous Na2S2O3 (5 mL) and saturated NaHCO3 (5 
mL) were added, and the mixture was extracted with CH2Cl2. The organic phase was dried over 
anhydrous Na2SO4 and concentrated under vacuum. Purification by preparative TLC 
(hexane/ethyl acetate 3:1) afforded 13 mg (81%) of pure 5.33 as a colourless oil.  
1H NMR (500 MHz, CDCl3) δ =.6.88 (d, J = 10 Hz, 2H), 6.15 (d, J = 10 Hz, 2H), 1.49 (s, 3H) 
ppm. Spectroscopic data are in a good agreement  with literature.[19] 
4-Hydroxy-2,4-dimethylcyclohexa-2,5-dien-1-one (5.34)  
 
To a solution 5.29 or 5.30 (0.15 mmol, 1.2 equiv.) in methylene chloride (1.5 mL) and water 
(75 μL) 2,4-dimethylphenol (15 mg, 0.125 mmol, 1 equiv.) was added. The mixture was stirred 
at 0 °C to room temperature for 24 h, then 5% aqueous Na2S2O3 (5 mL) and saturated NaHCO3 
(5 mL) were added, and the mixture was extracted with CH2Cl2. The organic phase was dried 
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over anhydrous Na2SO4 and concentrated under vacuum. Purification by preparative TLC 
(hexane/ethyl acetate 3:1) afforded 15 mg (83%) of pure 5.34 as a white solid.  
1H NMR (500 MHz, CDCl3) 6.84 (dd, J = 9.9, 3.1 Hz, 1H), 6.64 (dq, J = 3.0, 1.5 Hz, 1H), 6.12 
(d, J = 9.9 Hz, 1H), 1.87 (d, J = 1.5 Hz, 3H), 1.46 (s, 3H) ppm. 13C NMR (101 MHz, CDCl3) 
δ = 186.1, 151.8, 147.4, 134.0, 127.2, 67.7, 27.0, 15.7. Spectroscopic data are in a good 
agreement  with literature.[12] 
2-Oxo-2-phenylethyl 4-methylbenzenesulfonate (5.35)  
 
 
To a solution 5.29 or 5.30 (0.165 mmol, 1.5 equiv.) in acetonitrile (1.5 mL) was added 
acetophenone (13.2 mg, 0.11 mmol, 1 equiv.). The mixture was heated under reflux for 2 h. 
After cooling down to room temperature then sat. aq. NaHCO3 solution (5 mL) was added, 
then extracted with CH2Cl2 (3 X 5 mL). The combined organic phases were dried over 
anhydrous MgSO4, filtered and removed under reduced pressure. The residue was purified by 
preparative TLC (hexane/EtOAc 3:1) to give pure 5.35 as a colourless oil (22.4 mg, 70%).  
1H NMR (400 MHz, CDCl3) δ 7.87– 7.81 (m, 4H), 7.60 (t, J = 6.9 Hz, 1H), 7.50 – 7.43 (m, 
2H), 7.34 (d, J = 7.95 Hz, 2H), 5.27 (s, 2H), 2.44 (s, 3H). ppm. 13C NMR (101 MHz, CDCl3) 
δ = 190.5, 145.4, 134.3, 133.9, 132.7, 130.0, 129.0, 128.3, 128.1, 70.1, 21.8 ppm. Spectroscopic 
data are in a good agreement  with literature.[21] 
1-Oxo-1-phenylpropan-2-yl 4-methylbenzenesulfonate (5.36)  
 
Method A: 
To a solution 5.29 or 5.30 (0.165 mmol, 1.5 equiv.) in acetonitrile (1.5 mL) propiophenone (15 
mg, 15 μL, 0.11 mmol, 1 equiv.) was added. The mixture was heated under reflux for 2 h. After 
cooling down to room temperature then sat. aq. NaHCO3 solution (5 mL) was added, then 
extracted with CH2Cl2 (3 x 5 mL). The combined organic phases were dried over anhydrous 
MgSO4, filtered and removed under reduced pressure. The residue was purified by preparative 
TLC (hexane/EtOAc 3:1) to give pure 5.36 as a colourless oil (24 mg, 72%).  
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Method B: 
To a solution of propiophenone (40 mg, 0.3 mmol, 1 equiv.) in MeCN (2 mL) was added the 
iodoarene catalyst, 5.19, 5.20, or 5.26 (10 mmol %) followed by p-TsOH·H2O (0.9 mmol, 3 
equiv.) and m-Chloroperbenzoic acid (0.9 mmol, 3 equiv.). The reaction mixture was stirred at 
room temperature for 48 h, then quenched with sat. aq. Na2S2O3 solution and neutralized with 
sat. aq. NaHCO3 solution. The aqueous layer was extracted with AcOEt (3× 10 mL). The 
combined organic layers were washed brine and dried over MgSO4, filtered and evaporated 
under reduced pressure. The crude mixture was purified by preparative TLC (hexane/EtOAc 
3:1) to give pure 5.36 as a colourless oil. 
1H NMR (400 MHz, CDCl3): δ = 7.89 – 7.85 (m, 2H), 7.77 – 7.73 (m, 2H), 7.62 – 7.56 (m, 
1H), 7.48 – 7.43 (m, 2H), 7.29 – 7.24 (m, 3H), 5.78 (q, J = 6.9 Hz, 1H), 2.41 (s, 3H), 1.60 (d, 
J = 6.9 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3): δ = 195.0, 145.2, 134.0, 133.8, 133.6, 
129.9, 128.9, 128.9, 128.8, 128.1, 77.5, 21.8, 18.9 ppm. Spectroscopic data are in a good 
agreement  with literature.[22] 
3,3-Dimethoxy-1,2-diphenylpropan-1-one (5.37)  
 
To a stirred solution 5.29 or 5.30 (0.15 mmol, 1.2 equiv.) in methanol (1.5 mL) chalcone (26 
mg, 0.125 mmol, 1 equiv.) was added. Stirring was continued for 24 h at room temperature. 
The reaction was quenched with 5% Na2S2O3 solution (5 mL) and sat. NaHCO3 solution (5 
mL) then extracted with CH2Cl2 (3 x 5 mL). The combined organic phases were dried over 
anhydrous MgSO4, filtered and removed under reduced pressure. The residue was purified by 
preparative TLC (hexane/EtOAc 5:1) to give pure 5.37 as a white solid (19 mg, 56%).  
1H NMR (500 MHz, CDCl3) δ = 7.98 (d, J = 7.6 Hz, 2H), 7.51 (t, J = 7.5 Hz, 1H), 7.46-7.38 
(m, 4H), 7.31 (t, J = 7.5 Hz, 2H), 7.25-7.22 (m, 1H), 5.13 (d, J = 8.5 Hz, 1H), 4.90 (d, J = 8.5 
Hz, 1H), 3.44 (s, 3H), 3.21 (s, 3H) ppm. 13C NMR (126 MHz, CDCl3) δ = 197.9, 137.0, 134.9, 
133.3, 129.2, 128.9, 128.8, 128.7, 127.7, 107.0, 57.1, 56.3, 54.6 ppm. Spectroscopic data are 
in a good agreement  with literature.[19] 
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Methyl phenylcarbamate (5.38)  
 
To a stirred solution 5.29 or 5.30 (0.15 mmol, 1.2 equiv.) in methanol (2 mL) benzamide (15 
mg, 0.125 mmol, 1 equiv.) was added. The reaction mixture was heated under reflux for 8 h. 
After cooling down to room temperature then sat. aq. NaHCO3 solution (5 mL) was added, 
then extracted with CH2Cl2 (3 x 5 mL). The combined organic phases were dried over 
anhydrous MgSO4, filtered and removed under reduced pressure. The residue was purified by 
preparative TLC (hexane/EtOAc 3:1) to give pure 5.38 as a light-yellow oil (15 mg, 79%).  
1H NMR (300 MHz, CDCl3) δ = 7.38 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 7.8 Hz, 2H), 7.07 (t, J = 
7.2 Hz, 1H), 6.64 (s, 1H), 3.78 (s, 3H) ppm.13C NMR (126 MHz, CDCl3) δ = 154.1, 138.0, 
129.2, 123.6, 118.8, 52.5. ppm. Spectroscopic data are in a good agreement  with literature.[23] 
3,5-Diphenyl-1,2,4-thiadiazole (5.39)  
 
To a stirred solution 5.29 or 5.30 (0.24 mmol, 1.6 equiv.) in acetonitrile (1 mL) thiobenzamide 
(21 mg, 0.15 mmol, 1 equiv.) was added. Stirring was continued at r.t. for 1 h. The reaction 
was quenched with 5% Na2S2O3 solution (5 mL) and sat. NaHCO3 solution (5 mL) then 
extracted with CH2Cl2 (3 X 5 mL). The combined organic phases were dried over anhydrous 
MgSO4, filtered and removed under reduced pressure. The residue was purified by preparative 
TLC (hexane/EtOAc 3:1) to give pure 5.39 as a white solid (15 mg, 86%).  
m.p. 89 – 90 °C (lit.[19], m.p. 87.3 – 88.0 °C). 1H NMR (400 MHz, d6-acetone) δ 8.44 – 8.37 
(m, 2H), 8.20 – 8.13 (m, 2H), 7.66 – 7.53 (m, 6H) ppm. 13C NMR (101 MHz, d6-acetone) δ = 
189.3, 174.4, 133.8, 133.2, 131.4, 130.4, 129.7, 129.0, 128.3. ppm. Spectroscopic data are in a 
good agreement  with literature.[19] 
3,5-Diphenyl-1,2,4-oxadiazole (5.40)  
 
To a stirred solution 5.29 or 5.30 (0.15 mmol, 1.2 equiv.) in benzonitrile (1 mL) benzaldoxime 
(15 mg, 0.125 mmol, 1 equiv.) was added. Stirring was continued at room temperature for 1 h. 
The reaction was quenched with 5% Na2S2O3 solution (5 mL) and sat. NaHCO3 solution (5 
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mL) then extracted with CH2Cl2 (3 x 5 mL). The combined organic phases were dried over 
anhydrous MgSO4, filtered and removed under reduced pressure. The residue was purified by 
preparative TLC (hexane/EtOAc 3:1) to give pure 5.40 as a white solid (26 mg, 93%).  
m.p. 106 – 107 °C (lit.[19], m.p. 107.3 – 107.6 °C); 1H NMR (400 MHz, CDCl3) δ = 8.23 (ddd, 
J = 6.8, 1.4, 0.7 Hz, 2H), 8.19 (ddt, J = 3.1, 2.2, 1.7 Hz, 2H), 7.64 – 7.59 (m, 1H), 7.59 – 7.46 
(m, 5H) ppm. 13C NMR (101 MHz, CDCl3) δ = 175.9, 169.1, 132.9, 131.3, 129.2, 129.0, 128.3, 
127.7, 127.1, 124.5 ppm. Spectroscopic data are in a good agreement  with literature.[19] 
3-Phenyl-5-(trichloromethyl)-1,2,4-oxadiazole (5.41)  
 
 
To a stirred solution 5.29 or 5.30 (0.15 mmol, 1.2 equiv.) in 2,2,2-trichloroacetonitrile (1 mL) 
benzaldoxime (15 mg, 0.125 mmol, 1 equiv.) was added. Stirring was continued at room 
temperature for 1 h. The reaction was quenched with 5% Na2S2O3 solution (5 mL) and sat. aq. 
NaHCO3 solution (5 mL) then extracted with CH2Cl2 (3 x 5 mL). The combined organic phases 
were dried over anhydrous MgSO4, filtered and removed under reduced pressure. The residue 
was purified by preparative TLC (hexane/EtOAc 5:1) to give pure 5.41 as a colourless oil (27 
mg, 81%).  
1H NMR (400 MHz, CDCl3) δ = 8.16 – 8.09 (m, 2H), 7.60 – 7.49 (m, 3H) ppm. Spectroscopic 
data are in a good agreement  with literature.[19] 
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ABSTRACT: Novel electron-deﬁcient chiral hypervalent iodine reagents were prepared in good overall yields. The reactivity
and stereoselectivity of these reagents in oxidative rearrangements of alkenes to α-aryl ketones were investigated. The results
show that the new reagents have good reactivity and generate products with high enantiomeric excess.
The chemistry of hypervalent iodine reagents has witnesseda massive growth and development in the 21st century.
The extensive interest in hypervalent iodine reagents is
attributed to their powerful oxidizing properties, along with
their easy handling, commercial availability, and benign
environmental impact. Their synthetic applications include
oxidation, halogenation, amination, C−C bond formation,
heterocyclization, and rearrangement reactions.1−3
Recently, many eﬀorts were devoted to the development of
hypervalent iodine-catalyzed chemical transformations.4 The
catalytic cycle relies on the reoxidation of an iodine(I) species,
mainly iodoarenes, into the corresponding hypervalent iodine
compounds in the presence of a stoichiometric oxidant.
Hydrogen peroxide, oxone, m-chloroperbenzoic acid, sodium
perborate, and Selectﬂuor are commonly used terminal
oxidants in such catalytic transformations. The utilization of
chiral iodoarenes as organocatalysts for diﬀerent enantioselec-
tive transformations is a fast-growing research area, and several
approaches have been published recently.5
Chiral hypervalent iodine(III) reagents have been very
successfully used in stereoselective synthesis and received
much attention.6 Fujita7 and Ishihara8 initially published the
synthesis and use of chiral hypervalent iodine reagents based on
lactic acid. Many reactions have been investigated using these
chiral reagents, and in some of them very high stereo-
selectivities have been obtained. We also have contributed to
that development and published highly stereoselective oxy-
aminations9 and also the ﬁrst stereoselective rearrangements
based on chiral, lactic acid-based iodine(III) reagents.10 The
investigation of more recent rearrangements employing addi-
tional orthoesters to generate α-aryl esters as reaction products
proved to be less eﬃcient with the known lactic acid-based
iodine(III) reagents. We therefore decided to prepare more
reactive versions of the reagents 1 by the attachment of an
electron-withdrawing group such as a triﬂuoromethyl sub-
stituent (R = CF3) in the para-position to the iodine (Figure
1). This should enhance the electrophilicity of the hypervalent
iodine reagents 2 (R = CF3) as compared to the unsubstituted
reagents 2 (R = H). With other hypervalent iodine(III)
derivatives, we have already shown that the addition of CF3
groups in para position to the iodine(III) moiety enhances
their reactivity.11
Such reagents have been prepared by the route shown below
starting from the commercially available 3-nitro-5-
(triﬂuoromethyl)phenol 3 (Scheme 1), through which the
novel key building block, 2-iodo-5-(triﬂuoromethyl)benzene-
1,3-diol 6, was accessed. Reduction of the nitro group in 3 to
the corresponding amino der ivat ive , 3-amino-5-
(triﬂuoromethyl)phenol 4, was achieved in 97% yield with
disodium sulﬁde in ethanol. Diazotation of 4 was followed by
treatment with a saturated aqueous solution of copper sulfate
leading to the formation of 5-(triﬂuoromethyl)benzene-1,3-diol
5 in 73% yield. The desired iodoarene 6 was obtained in 39%
yield via the reaction of diol 5 with elemental iodine.12
Having the key intermediate 6 in our hands, we could
proceed to achieve the synthesis of the target hypervalent
iodine reagents of type 2. Following literature procedures, the
iodoarene 6 was transformed into the lactate-based chiral
iodoarene derivative 1a in 98% yield under Mitsunobu reaction
conditions. Basic hydrolysis of the diester 1a aﬀorded the
dicarboxylic acid 1b in 80% yield. Activation of the dicarboxylic
acid 1b followed by the reaction with 2,6-diisopropylaniline and
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Figure 1. Lactic acid-based hypervalent iodine reagents 2.
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2,4,6-trimethylaniline aﬀorded the amides 1c in 71% and 1d in
83% yield, respectively (Scheme 2). Finally, the chiral
iodoarenes were oxidized to the corresponding hypervalent
iodine reagents 2a and 2c using Selectﬂour in a mixture of
acetonitrile and acetic acid. The iodine compound 2d could not
be isolated despite many attempts.
Several eﬃcient methods for the synthesis of α-aryl
substituted carbonyl compounds through metal-catalyzed
cross coupling reactions of ketones are known.13 We have
reported an eﬃcient metal-free method for synthesizing α-
arylated carbonyl compounds via an enantioselective oxidative
rearrangement of alkenes using stoichiometric chiral hyper-
valent iodine reagents (Scheme 3).14 Based on this reaction, we
have now developed new chiral iodoarenes for accessing α-aryl
carbonyl compounds.
Initially, we explored the oxidative rearrangement of alkene 7
using diﬀerent chiral iodine(III) reagents as stoichiometric
oxidants (1.2 equiv). To evaluate the reactivity of the newly
prepared hypervalent iodine reagents 2a and 2c, we studied the
oxidative rearrangement of the alkene 7 by reagents 2a, 2c, and
the previously reported reagents 2e−2g (Table 1).8 Reagent 2a
(Table 1, entry 1) with the triﬂuoromethyl substituent showed
comparable reactivity and similar enantioselectivity to the
previously reported reagents with either a methyl substituent 2e
or without substituent 2f (Table 1, entries 2 and 3). Yields
range between 45 and 50%, while the enantiomeric excess is
between 87 and 92%. All reagents produce the same
enantiomer of 8 (R-conﬁguration), but in each reaction, a
small amount (5−15%) of ketone 9 is detected as a side
product. Reagents 2c and 2g with amide functionalities in the
side chain showed much lower reactivity (Table 1, entries 4 and
5), while the enantioselectivity is almost identical.
Furthermore, the potential of the oxidative rearrangement of
alkene 7 using diﬀerent iodoarene catalysts (20 mol %) in the
presence of a stoichiometric oxidant was investigated. The
catalytic reactions had to be performed at a higher reaction
temperature, as the oxidation to iodine(III) is too slow at low
temperature. Initially, several iodoarenes were screened in the
presence of 1 equiv of m-chloroperbenzoic acid (mCPBA).
Substantial amounts of 9 were generated, while the overall yield
was very low. Enantioselectivities were also low (45−76% ee,
see Supporting Information). Diﬀerent oxidants were also
investigated. Although Selectﬂuor showed reasonable reactivity,
ﬂuorinated byproducts 11a and 11b were always produced by
direct reaction with the alkene. Some selected reaction
conditions are summarized in Scheme 4.
Yields of the rearranged reaction product 8 never exceeded
20%, so no catalytic conversion was achieved. Moreover, if the
reaction is performed without iodoarene using 1 equiv mCPBA,
only compound 9 was formed in 71% yield, indicating a strong
background reaction under the reaction conditions. Further
details are found in the Supporting Information.
In summary, we have synthesized new triﬂuoromethyl-
substituted lactic acid-based hypervalent iodine derivatives,
which showed similar behavior and unfortunately no advantage
to the unsubstituted reagents with regards to the stereoselective
rearrangement investigated here.
Scheme 1. Synthesis of 2-Iodo-5-(triﬂuoromethyl)benzene-1,3-diol 6
Scheme 2. Synthesis of Chiral Iodine(III) Reagents 2a and 2c
Scheme 3. Rearrangement of Alkenes to α-Arylated Ketones
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■ EXPERIMENTAL SECTION
All starting materials were purchased from commercial suppliers and
used without further puriﬁcation, and all solvents used were dried and
puriﬁed by standard techniques. Reactions requiring the exclusion of
moisture were carried out under an atmosphere of argon or nitrogen in
oven-dried glassware. Flash chromatography was carried out using
Merck silica gel (35−70 μm) or on a Biotage Isolera Four platform
using SNAP Ultra (25 μm) cartridges. Melting points were recorded
on a Gallenkamp MPD350 apparatus. IR measurements were taken
using a PerkinElmer 1600 FTIR spectrometer. NMR spectra were
recorded on Bruker DPX 300, Bruker DPX 400, or Bruker DPX 500.
1H NMR spectra were measured at 300, 400, and 500 MHz. 13C {1H}
NMR spectra were measured at 75, 100, and 125 MHz using CDCl3
as the solvent and internal reference. Coupling constants J are given in
Hz. Multiplicity as follows: s = singlet, d = doublet, t = triplet, q =
quartet, sext = sextet, sept = septet, m = multiplet, br = broad. High-
resolution mass spectrometry (HRMS) was carried out using a Waters
LCT Premier XE mass spectrometer using electrospray ionization
(ESI). Optical rotations were measured with a UniPol L polarimeter.
High-performance liquid chromatography (HPLC) analysis was
conducted using Shimadzu LC-10 AD coupled diode array-detector
SPD-MA-10A-VP.
3-Amino-5-hydroxybenzotriﬂuoride 4.11 3-Nitro-5-hydroxy-
benzotriﬂuoride (5 g, 24.1 mmol) dissolved in ethanol (25 mL) was
gently reﬂuxed during the gradual addition of a solution of disodium
sulﬁde (25 g, 104 mmol) in alcohol (100 mL). After 1.5 h, hot 10%
ethanolic sodium hydroxide solution (12.5 mL) was added, reﬂuxing
continued for 1 h, then the alcohol removed under reduced pressure.
The residue was acidiﬁed with hydrochloric acid (2 M), then
neutralized by the addition of sodium hydrogen carbonate solution,
and extracted with ether (4 × 50 mL). The combined organic layers
were dried over anhydrous MgSO4, ﬁltered, and concentrated under
reduced pressure aﬀording 3-amino-5-hydroxybenzotriﬂuoride 4 as a
red solid (4.15 g, 97%). Mp: 83−85 °C; 1H NMR (400 MHz, CDCl3):
δ = 6.49 (s, 1H), 6.45 (s, 1H), 6.29 (s, 1H), 4.98 (br s, 1H), 3.84 (s,
2H) ppm.
3,5-Dihydroxybenzotriﬂuoride 5.11 3-Amino-5-hydroxybenzo-
triﬂuoride 4 (3.98 g, 22.47 mmol) was dissolved in a mixture of water
(14 mL) and concentrated sulfuric acid (16 mL). After cooling to 0
°C, a solution of sodium nitrite (1.5 g) in water (8 mL) was added
slowly, and after 15 min, the excess nitrous acid was destroyed by
addition of urea. Then the cooled solution was added to a reﬂuxing
Table 1. Diﬀerent Iodine(III) Reagents 2 in the Rearrangement of Alkene 7
Scheme 4. Rearrangement with Chiral Iodoarene Catalysts
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saturated solution of copper sulfate (200 mL). Then left to cool down
to the room temperature and extracted with ether (4 × 50 mL), the
combined extracts were dried over anhydrous MgSO4, ﬁltered, and
concentrated under reduced pressure aﬀording 3,5-dihydroxybenzotri-
ﬂuoride 5 as a red solid (2.93 g, 73%). Mp: 87−89 °C; 1H NMR (400
MHz, CDCl3): δ = 6.66 (s, 2H), 6.50 (s, 1H), 5.32 (br s, 2H) ppm.
2-Iodo-5-(triﬂuoromethyl)benzene-1,3-diol 6.15 3,5-Dihydrox-
ybenzotriﬂuoride 5 (2.14 g, 12 mmol) was dissolved in H2O/THF
(1:1) (250 mL). After cooling to 0 °C, iodine (3.12 g, 12.6 mmol) was
added followed by slow addition of NaHCO3 (1.108 g, 13.2 mmol).
The resulting reaction mixture was stirred for 10 min at 0 °C and then
allowed to warm to room temperature and stirred for 40 min. The
reaction was then quenched by the addition of a saturated aqueous
Na2S2O3 solution (10 mL). After extraction with EtOAc (4 × 40 mL),
the combined organic phases were dried over anhydrous MgSO4 and
concentrated under reduced pressure. Puriﬁcation by ﬂash column
chromatography (8:2 Hex/EtOAc) aﬀorded the pure product 6 as a
yellow solid (1.37 g, 39%). Mp: 91−92 °C; IR (solid) υ/cm−1: 3277,
1250, 1010; 1H NMR (300 MHz, CDCl3): δ = 6.80 (s, 2H), 5.55 (s,
2H) ppm; 13C {1H} NMR (126 MHz, CDCl3): δ = 156.2, 133.2 (q, J
= 33.3 Hz), 123.4 (q, J = 272.5 Hz), 104.4, 81.6 ppm; 19F-NMR (471
MHz, CDCl3): δ = −63.32 ppm; HRMS (ESI-TOF) m/z: [M − H]
calcd for C7H3F3IO2 = 302.9130; found: 302.9134.
Dimethyl 2,2′-((2-Iodo-5-(triﬂuoromethyl)-1,3-phenylene)-
bis(oxy))(2R,2′R)-dipropionate 1a.14 2-Iodo-5-(triﬂuoromethyl)-
benzene-1,3-diol 6 (1.3 g, 4.27 mmol) was dissolved in dry THF
(25 mL) under an argon atmosphere. After addition of methyl (S)-
lactate (0.897 g, 9.4 mmol), triphenylphosphine (2.6 g, 9.83 mmol),
and diisopropyl azodicarboxylate (2 g, 10.26 mmol), the reaction
mixture was stirred for 16 h at room temperature and then
concentrated under reduced pressure. Puriﬁcation by ﬂash column
chromatography (8:2 Hexane/EtOAc) aﬀorded the pure product 1a as
a colorless solid (1.96 g, 98%). Mp: 69−71 °C; [α]D20: −90.5° (c =
0.243, CHCl3); IR (solid) υ/cm
−1: 1739, 1244, 1109; 1H NMR (500
MHz, CDCl3): δ = 6.58 (s, 2H), 4.83 (q, J = 6.8 Hz, 2H), 3.77 (s, 6H),
1.73 (d, J = 6.8 Hz, 6H) ppm; 13C {1H} NMR (126 MHz, CDCl3): δ
= 171.6, 158.7, 132.3 (q, J = 33.6 Hz), 123.6 (q, J = 273.2 Hz), 103.6,
85.3, 74.5, 52.7, 18.6 ppm; 19F-NMR (471 MHz, CDCl3): δ −62.94
ppm; HRMS (ESI-TOF) m/z: [M + Na]+ calcd for C15H16F3IO6Na =
498.9841; found: 498.9847.
(2R,2′R)-2,2′-((2-Iodo-5-(triﬂuoromethyl)-1,3-phenylene)bis-
(oxy))dipropionic acid 1b.14 Dimethyl 2,2′-((2-iodo-5-(triﬂuoro-
methyl)-1,3-phenylene)bis(oxy))(2R,2′R)-dipropionate 1a (1.683 g,
3.534 mmol) was dissolved in THF/MeOH (1:1) (20 mL). After
addition of aqueous NaOH (2 M, 10 mL, 20 mmol, 5.6 equiv), the
reaction mixture was stirred for 6 h at room temperature and then
acidiﬁed with aqueous HCl (3 M). After extraction with EtOAc (4 ×
40 mL), the combined organic phases were washed with brine, dried
over anhydrous MgSO4, and concentrated under reduced pressure,
aﬀording product 1b as a colorless solid (1.265 g, 80%). Mp: 127−128
°C; IR (solid) υ/cm−1: 2991, 1705, 1242, 1110; 1H NMR (500 MHz,
DMSO): δ = 13.18 (s, 2H), 6.74 (s, 2H), 5.11 (q, J = 6.7 Hz, 2H),
1.57 (d, J = 6.7 Hz, 6H) ppm; 13C {1H} NMR (126 MHz, CD3OD): δ
= 174.6, 160.3, 132.8 (q, J = 32.8 Hz), 125.2 (q, J = 271.2 Hz), 103.9,
85.4, 75.2, 18.8 ppm; 19F NMR (471 MHz, DMSO): δ = −61.34 ppm;
HRMS (ESI-TOF) m/z: [M − H] calcd for C13H11F3IO6 = 446.9553;
found: 446.9569.
(2R,2′R)-2,2′-((2-Iodo-5-(triﬂuoromethyl)-1,3-phenylene)bis-
(oxy))bis(N-(2,6-diisopropylphenyl)propanamide) 1c.14
(2R,2′R)-2,2′-((2-Iodo-5-(triﬂuoromethyl)-1,3-phenylene)bis(oxy))-
dipropionic acid 1b (1.344 g, 3 mmol) was suspended in dry CH2Cl2
(30 mL) under an argon atmosphere. After addition of oxalyl chloride
(1.33 g, 10.5 mmol, 3.5 equiv) and a catalytic amount of DMF, the
reaction mixture was stirred for 3 h at room temperature and then
concentrated in vacuum. The crude product was redissolved in dry
CH2Cl2 (16 mL) under an argon atmosphere, and 2,6-diisopropylani-
line (2.632 g, 15 mmol, 5 equiv) as well as pyridine (0.95 g, 12 mmol)
were added. The reaction mixture was stirred for 16 h at room
temperature and quenched by the addition of aqueous HCl (3 M).
After extraction with CH2Cl2, the combined organic phases were dried
over anhydrous MgSO4 and concentrated under reduced pressure.
Puriﬁcation by ﬂash column chromatography (8:2→ 2:2 Hex/EtOAc)
aﬀorded 1c as a yellow solid (1.639 g, 71%). Mp: 230−233 °C; [α]D20:
−503 (c = 0.286, CHCl3); IR (solid) υ/cm−1: 3203, 1660, 1249, 1101;
1H NMR (300 MHz, CDCl3): δ = 7.83 (s, 2H), 7.32 (t, J = 7.7 Hz,
2H), 7.18 (d, J = 7.7 Hz, 4H), 6.92 (s, 2H), 5.10 (q, J = 6.6 Hz, 2H),
3.0−2.85 (m, 4H), 1.82 (d, J = 6.5 Hz, 6H), 1.20 (d, J = 6.8 Hz, 12H),
1.15−1.0 (m, 12H) ppm; 13C {1H} NMR (126 MHz, CDCl3): δ =
169.9, 157.4, 146.1, 133.3 (q, J = 33 Hz), 129.9, 128.9, 123.6, 123.0,
103.6, 84.6, 76.6, 28.8, 22.5, 18.7 ppm; 19F NMR (471 MHz, CDCl3):
δ = −62.9 ppm; HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C37H47F3IN2O4 = 767.2527; found: 767.2521.
(2R,2′R)-2,2′-((2-Iodo-5-(triﬂuoromethyl)-1,3-phenylene)bis-
(oxy))bis(N-mesitylpropanamide) 1d.14 (2R,2′R)-2,2′-((2-Iodo-5-
(triﬂuoromethyl)-1,3-phenylene)bis(oxy))dipropionic acid 1c (1.286
g, 2.87 mmol) was suspended in dry CH2Cl2 (29 mL) under an argon
atmosphere. After addition of oxalyl chloride (1.276 g, 10 mmol) and a
catalytic amount of DMF, the reaction mixture was stirred for 3 h at
room temperature and then concentrated in vacuo. The crude product
was redissolved in dry CH2Cl2 (4 mL) under an argon atmosphere,
and 2,4,6-trimethylaniline (1.54 g, 11.39 mmol, 5 equiv) as well as
pyridine (0.882 g, 11.16 mmol) were added. The reaction mixture was
stirred for 16 h at room temperature and quenched by addition of
aqueous HCl (3 M, 10 mL). After extraction with CH2Cl2, the
combined organic phases were dried over anhydrous MgSO4 and
concentrated under reduced pressure. Puriﬁcation by ﬂash column
chromatography (8:2→ 2:2 Hex/EtOAc) aﬀorded pure 1d as a yellow
solid (1.621 g, 83%). Mp: 293−297 °C; [α]D20: −740 (c = 1.0, CHCl3);
IR (solid) υ/cm−1: 3257,1670, 1250, 1150; 1H NMR (300 MHz,
CDCl3): δ = 7.89 (s, 2H), 6.91 (s, 4H), 6.87 (s, 2H), 5.05 (q, J = 6.7
Hz, 2H), 2.27 (s, 6H), 2.16 (s, 12H), 1.82 (d, J = 6.7 Hz, 6H) ppm;
13C {1H} NMR (126 MHz, CDCl3): δ = 168.9, 157.5, 137.4, 135.1,
129.9, 129.1, 128.8, 122.0, 103.9, 85.0, 76.7, 20.9, 18.8, 18.3 ppm; 19F
NMR (471 MHz, CDCl3): δ = −63.00 ppm; HRMS (ESI-TOF) m/z:
[M + H]+ calcd for C31H35F3IN2O4 = 683.1588; found: 683.1594.
Dimethyl 2,2′-((2-(Diacetoxy-λ3-iodanyl)-5-(triﬂuoromethyl)-
1,3-phenylene)bis(oxy)) (2R,2′R)-dipropionate 2a.8 Dimethyl
2,2′-((2-iodo-5-(triﬂuoromethyl)-1,3-phenylene)bis(oxy))(2R,2′R)-di-
propionate 1a (0.238 g, 0.5 mmol) and Selectﬂuor (0.885 g, 2.5
mmol) were dissolved in CH3CN (16 mL) and glacial acetic acid (5
mL) under N2. The reaction mixture was stirred at room temperature
overnight. The reaction mixture was concentrated under vacuum, then
water (25 mL) was added to the residue, and extracted with CH2Cl2 (3
× 20 mL). The combined organic layers were dried over anhydrous
MgSO4, ﬁltered, and concentrated under reduced pressure, to give 2a
as a yellowish solid (0.288 g, 97%). Mp: 195−197 °C; [α]D20: −65 (c =
0.4, CHCl3);
1H NMR (300 MHz, CDCl3): δ = 6.78 (s, 2H), 4.93 (q,
J = 6.8 Hz, 2H), 3.77 (s, 6H), 1.98 (s, 6H), 1.70 (d, J = 6.8 Hz, 6H);
13C {1H} NMR (126 MHz, CDCl3): δ = 177.25, 170.76, 157.08,
137.08 (q, J = 33.2 Hz), 122.91 (q, J = 273.6 Hz), 110.43, 103.41,
74.90, 52.84, 20.46, 18.35 ppm; 19F NMR (471 MHz, CDCl3): δ =
−63.7 ppm.
(2R,2′R)-2,2′-((2-(Diacetoxy-λ3-iodanyl)-5-(triﬂuoromethyl)-
1,3-phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl)-
propanamide) 2c.8 (2R,2′R)-2,2′-((2-Iodo-5-(triﬂuoromethyl)-1,3-
phenylene)bis(oxy))bis(N-(2,6-diisopropylphenyl) propanamide) 1c
(191.7 mg, 0.25 mmol) and Selectﬂuor (885 mg, 2.5 mmol) were
dissolved in CH3CN (16 mL) and glacial acetic acid (5 mL) under N2.
The reaction mixture was stirred at room temperature overnight. The
reaction mixture was concentrated under vacuum, then water (25 mL)
was added to the residue, and extracted with CH2Cl2 (3 × 20 mL).
The combined organic layers were dried over anhydrous MgSO4,
ﬁltered, and concentrated under reduced pressure, to give 2c (yield
78%). Mp: 220−222 °C; [α]D20: −60 (c = 0.167, CHCl3); 1H NMR
(400 MHz, CDCl3): δ = 8.16 (s, 2H), 7.33−7.2 (m, 2H), 7.18 (s, 2H),
7.11 (sbr, 4H), 5.21 (q, J = 6.7 Hz, 2H), 2.98 (m, 4H), 1.91 (d, J = 6.6
Hz, 6H), 1.44 (s, 6H), 1.3−0.8 (m, 24H) ppm; 13C {1H} NMR (101
MHz, CDCl3): δ = 176.8, 169.7, 156.4, 146.1, 129.7, 129.0, 123.6,
103.0, 77.2, 76.9, 28.6, 23.4, 19.5, 19.3 ppm (2 signals (C−CF3) did
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not appear in the NMR spectrum). 19F NMR (471 MHz, CDCl3): δ =
−63.05 ppm.
Compounds 2e, 2f, and 2g were prepared following the same
procedure as compounds 2a and 2c. Their spectral data are in
agreement with literature.8
Dimethyl 2,2′-((2-(Diacetoxy-λ3-iodanyl)-5-methyl-1,3-
phenylene)bis(oxy))(2R,2′R)-dipropionate 2e.8 1H NMR (400
MHz, CDCl3): δ = 6.37 (s, 2H), 4.86 (q, J = 6.8 Hz, 2H), 3.77 (s, 6H),
2.36 (s, 3H), 1.98 (s, 6H), 1.68 (d, J = 6.8 Hz, 6H) ppm.
Dimethyl 2,2′-((2-(Diacetoxy-λ3-iodanyl)-5-methyl-1,3-
phenylene)bis(oxy))(2R,2′R)-dipropionate 2f.8 1H NMR (400
MHz, CDCl3): δ = 7.39 (t, J = 8.4 Hz, 1H), 6.57 (d, J = 8.4 Hz, 2H),
4.87 (q, J = 6.8 Hz, 2H), 3.75 (s, 6H), 1.98 (s, 6H), 1.68 (d, J = 6.8
Hz, 6H) ppm.
(2,6-Bis(((R)-1-(mesitylamino)-1-oxopropan-2-yl)oxy)-
phenyl)- λ3-iodanediyl diacetate 2g.8 1H NMR (400 MHz,
CDCl3): δ = 8.35 (s, 2H), 7.58 (t, J = 8.4 Hz, 1H), 6.93 (d, J = 8.4,
2H), 6.8 (s, 4H), 5.15 (q, J = 6.6 Hz, 2H), 2.20 (s, 6H), 1.95−1.78 (m,
12H), 1.89 (d, J = 6.6 Hz, 6H), 1.49 (s, 6H) ppm.
General Procedure for Catalytic Oxidative Rearrangement
for 1,1-Diphenyl-1-pentene by Chiral Iodine Reagents. To the
solution of 1,1-diphenyl-1-pentene (1.0 equiv), iodine reagent (0.2
equiv), mCPBA (1.0 equiv), methanol (8.0 equiv) in CH2Cl2/TFE
(10:1), TsOH·H2O (1.5 equiv) were added. The reaction mixture was
stirred for 4 h at 0 °C and then 16 h at room temperature. Quenched
with a (1:1) mixture of saturated aqueous NaHCO3 and saturated
aqueous Na2S2O3 (0.5 mL). Then water (4 mL) was added, and the
aqueous phase was extracted with CH2Cl2 (3 × 5 mL). The combined
organic layers were ﬁltered through a TELOS phase separator and
concentrated under vacuum to give the crude product. The product
1,2-diphenyl-1-pentanone 8 was isolated by TLC (hexane/ethyl
acetate 9:1).
General Procedure for the Stochiometric Oxidative Rear-
rangement of Aryl Alkene Derivative Using Chiral Hypervalent
Iodine Reagents.13 To a solution of alkene (0.09 mmol), iodine(III)
reagent (0.11 mmol, 1.2 equiv), and methanol (0.26 mmol, 3 equiv) in
CH2Cl2:TFE (10:1 v/v) (1.5 mL) at −78 °C was added TsOH·H2O
(21 mg, 0.11 mmol, 1.2 equiv). The reaction was stirred for 4 h at −78
°C and 16 h at room temperature and then quenched with a 1:1
mixture of aqueous sat. NaHCO3 and sat. Na2S2O3 (0.5 mL). Water (4
mL) was added, and the aqueous phase was extracted with CH2Cl2 (3
× 5 mL). The combined organic layers were ﬁltered through a TELOS
phase separator and concentrated under vacuum to give the crude
product. The product 1,2-diphenyl-1-pentanone 8 was isolated by
TLC (hexane/ethyl acetate 9:1).
(2R)-1,2-Diphenyl-1-pentanone 8.13 1,1-Diphenylpentene (20
mg, 0.09 mmol), iodine(III) reagent 1 (65.4 mg, 0.11 mmol), TsOH·
H2O (20 mg, 0.11 mmol), and methanol (11 μL, 0.27 mmol) were
reacted according to the general procedure to give the product as a
colorless (10 mg, 50%). 1H NMR (400 MHz, CDCl3): δ = 7.92 (d, J =
7.6 Hz, 2H), 7.44 (t, J = 7.4 Hz, 1H), 7.35 (t, J = 7.7 Hz, 2H), 7.29−
7.20 (m, 4H), 7.18−7.12 (m, 1H), 4.52 (t, J = 7.3 Hz, 1H), 2.17−2.06
(m, 1H), 1.84−1.71 (m, 1H), 1.36−1.14 (m, 2H), 0.88 (t, J = 7.3 Hz,
3H) ppm.
(2-Fluoro-1-methoxypentane-1,1-diyl)dibenzene 11a. Color-
less oil (48 mg, 30%); IR (neat) υ/cm−1: 3024, 2958, 1076; 1H NMR
(400 MHz, CDCl3): δ = 7.50−6.99 (m, 10H), 5.39−5.17 (m, 1H),
3.12 (s, 3H), 1.54−1.40 (m, 2H), 1.40−1.22 (m, 2H), 0.80 (t, J = 7.0
Hz, 3H) ppm; 13C {1H} NMR (126 MHz, CDCl3): δ = 141.2, 128.6,
127.9, 127.2 (d, J = 10.0 Hz), 95.8 (d, J = 182.0 Hz), 83.7 (d, J = 19.3
Hz), 52.7 (d, J = 12.2 Hz), 31.4, 19.1, 13.9 ppm; 19F NMR (471 MHz,
CDCl3): δ = −186.99 ppm; HRMS (ESI-TOF) m/z: [M − MeOH +
H]+ calcd for C17H18F = 241.1393; found: 241.1393.
2-Fluoro-1,1-diphenylpentan-1-ol 11b. Colorless solid (15 mg,
10%); m.p.: 109−111 °C; IR (solid) υ/cm−1: 3556, 33028, 2958; 1H
NMR (500 MHz, CDCl3): δ = 7.47 (d, J = 7.5 Hz, 2H), 7.35−7.10
(m, 8H), 5.31 (dd, J = 47.4, 10.2 Hz, 1H), 2.52 (s, 1H), 1.82−1.50 (m,
1H), 1.59−1.37 (m, 1H), 1.37−0.96 (m, 2H), 0.80 (t, J = 7.1 Hz, 3H)
ppm; 13C {1H} NMR (126 MHz, CDCl3): δ = 144.8, 128.3, 127.2 (d, J
= 20.6 Hz), 126.8, 125.9, 96.1 (d, J = 177.8 Hz), 79.1 (d, J = 21.0 Hz),
30.9 (d, J = 21.2 Hz), 18.9, 13.8 ppm; 19F NMR (471 MHz, CDCl3): δ
= −189.48 ppm; HRMS (ESI-TOF) m/z: [M − H2O + H]+ calcd for
C17H18F = 241.1393; found: 241.1390.
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(15) Haubenreisser, S.; Wöste, T. H.; Martínez, C.; Ishihara, K.;
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Synthesis, characterisation, and reactivity of novel
pseudocyclic hypervalent iodine reagents with
heteroaryl carbonyl substituents†
Jihan Qurban,‡ Mohamed Elsherbini, ‡ Haifa Alharbi and Thomas Wirth *
Two new hypervalent iodine reagents containing furan and thio-
phene moieties in addition to a carbonyl group in the vicinity of the
iodine atom were synthesised and characterised. The X-ray analysis
of both compounds revealed a strong intramolecular contact
between the carbonyl oxygen and the hypervalent iodine atom
with tosylate as a counter ion. The two reagents showed a broad
range of synthetic applications and proved to be versatile oxidizing
agents.
The chemistry of hypervalent iodine compounds has expanded
largely during the last two decades. Due to their ready avail-
ability, easy handling and diversity, organic hypervalent iodine
reagents are widely used in modern synthetic organic chemistry.
Their electrophilic nature, in addition to their superior leaving
group ability (B106 times triflate) are the key features behind
their unique reactivity.1,2 Hence, hypervalent iodine reagents
found a wide range of synthetic applications, especially selective
oxidative transformations including, but not limited to, oxidative
C–C, C–heteroatom and heteroatom–heteroatom couplings,3–6
oxidative rearrangements,7–10 difunctionalisation of alkenes,11–13
and dearomatisation of phenols.14–18 Moreover, hypervalent
iodine compounds are environmentally friendly alternatives to
heavy metal oxidants as a result of their low toxicity and mild
reaction conditions. As hypervalent iodine reagents are electro-
philic in nature, heteroatoms in the vicinity of the electrophilic
iodine centre affect the structural features, reactivity and selec-
tivity of hypervalent iodine reagents.19–21 Various reagents incor-
porating nitrogen-containing heterocyclic units of various classes
have been reported in literature (Fig. 1).20–26
Herein, we report the synthesis of new hypervalent iodine
reagents containing 5-membered heterocyclic moieties. The
aromatic iodoketone precursors 10 and 11 were prepared in
44% and 77% yield, respectively, over two steps starting from
2-aminobenzonitrile (7) as shown in Scheme 1.27
On the other hand, the pyrrole analogue 16 was prepared
following a diﬀerent synthetic route (Scheme 2).28,29 Iodoketone
16 was obtained in 85% overall yield starting from anthranilic
acid over four steps. N-Methylation of 16 aﬀorded the iodoketone
17 in 88% yield.
Having the iodoketones 10, 11 and 17 in hand, their oxidation
to the corresponding hypervalent iodine reagents was investi-
gated. Although the oxidation of simple iodoarenes usually
proceeds smoothly, the oxidation of 10, 11 and 17 was cumber-
some. A wide range of oxidants and oxidation protocols were
investigated, but either there was no reaction at all, or the reaction
mixture was very complex to isolate the oxidized products in a
pure form, although the 1H NMR of the crude reaction mixture
showed an evidence of the formation of the corresponding
iodine(III) species in many attempts.
Only the oxidation of iodoarenes 10 and 11 using m-chloroper-
benzoic acid (mCPBA)30 in the presence of p-toluenesulfonic
acid monohydrate was successful and the products 18 and 19
were isolated in a pure form in 86% and 85% yield, respectively
(Scheme 3). The oxidation products of 10 and 11 were recrys-
tallised from hexane–dichloromethane and characterised by
single crystal X-ray crystallography. The solid-state structure
of the products ruled out the initially expected Koser’s31 type
structures with a close tosylate–iodine distance and confirmed
Fig. 1 Some hypervalent iodine reagents containing heterocycles.
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the pseudocyclic32,33 forms 18 and 19 manifesting the Lewis-
base assisted activation21,32 of the iodine centre.
Analysis of the X-ray data of tosylate 18 (Fig. 2A) showed the
presence of a strong intramolecular interaction of 2.342 Å between
the carbonyl oxygen and the hypervalent iodine atom besides one
short iodine–oxygen covalent bond [I(1)–O(1) = 1.945 Å] and the
iodine–carbon covalent bond [I(1)–C(1) = 2.080 Å]. The observed
angle [O(1)–I(1)–O(2)] of the iodonium ion fragment of 18 (167.71)
is in good agreement with the distorted T-shaped geometry
characteristic to hypervalent iodine(III) compounds.21,34,35
Although a single crystal of high quality of product 19 could
not be obtained, a crystal structure showing only the cationic
fragment of product 19 was obtained (Fig. 2B). Similar to product
18, the analysis of the X-ray data of product 19 showed the
presence of a strong intramolecular interaction of 2.326 Å between
the carbonyl oxygen and the hypervalent iodine atom besides
one short iodine–oxygen covalent bond [I(1)–O(1) = 1.943 Å] and
iodine–carbon covalent bond [I(1)–C(1) = 2.155 Å] with an
observed angle [O(1)–I(1)–O(2)] of 166.71 indicating a distorted
T-shaped geometry characteristic to hypervalent iodine(III)
compounds.21,34,35 The iodonium ion of 19 showed a secondary
interaction (2.830 Å) between the coordinated carbonyl oxygen
(O(2)) and the sulfur atom (S(1)) of the thiophene ring which is
not observed in the case of its furan analogue 18.
A broad range of potential synthetic applications of hyper-
valent iodine reagents 18 and 19 as versatile oxidizing reagents
is demonstrated (Table 1). Generally, all the reactions with both
reagents lead to the formation of the expected products in
moderate to excellent yields. The furan-derived reagent 18
proved to be more reactive than its thiophene analogue 19
which might be attributed to the presence of additional sec-
ondary interaction in the case of compound 19 (vide supra)
rendering it more stable and hence less reactive.
Sulfoxides 20 and 21 were obtained in excellent yields (90–92%)
via the oxidation of the corresponding sulfides using 18 and 19.
Oxidizing thioanisole under the same conditions with Koser’s
reagent led to the isolation of 20 in 80% yield. Phenol dearoma-
tisation of p-cresol and 2,4-dimethylphenol led to the corres-
ponding ketones 22 and 23 in 79–87% yield. When Koser’s
reagent was used as the oxidant for the oxidative dearomatisation
of p-cresol, the corresponding ketone 22 was obtained in 74%
yield. Both compounds 18 and 19 affected the a-tosyloxylation of
acetophenone and propiophenone in good yields. Performing the
a-tosyloxylation of propiophenone in a catalytic manner using
10 mol% of 10, 11, and 17 as organocatalysts in the presence of
mCPBA as the terminal oxidant led to the formation of product
25 albeit in low yields, 21%, 10%, and 13%, respectively. In
addition, the oxidative rearrangement of benzalacetophenone
mediated by 18 and 19 in methanol afforded the corresponding
a-aryl ketone 26 in 56% and 53% yield, respectively. Moreover,
Hofmann rearrangement9 of benzamide in methanol led to the
corresponding carbamate 27 in good yield. Reagents 18 and 19 are
efficient oxidants for oxidative heterocyclisations. 3,5-Diphenyl-
1,2,4-thiadiazole (28) was obtained in 86% and 83% yield via
oxidative dimerization of thiobenzamide using reagents 18 and
19, respectively. In the same context, the reaction of benzaldehyde
oxime with 18 and 19 in acetonitrile and 2,2,2-trichloroacetonitrile
proceeded smoothly to afford 1,2,4-oxadiazoles 29 and 30 in high
yields.
In conclusion, the synthesis and structural elucidation of
two new hypervalent iodine reagents 18 and 19 is reported. The
X-ray analysis of 18 and 19 showed the presence of strong
intramolecular interaction (2.342 and 2.326 Å) between the
carbonyl oxygen and the hypervalent iodine atom of compounds
18 and 19. Reagents 18 and 19 are versatile reagents for a wide
range of oxidative transformations such as oxidation of sulfides,
Scheme 1 Synthesis of iodoketones bearing furan and thiophenemoieties.
Scheme 2 Synthesis of iodoketones bearing a pyrrole moiety.
Scheme 3 Oxidation of iodoketones 10 and 11.
Fig. 2 X-ray crystal structure of compound 18 (A) and the cationic
fragment of compound 19 (B). Hydrogen atoms bound to carbon atoms
were removed for clarity. Selected bond lengths and angles: 18: I(1)–O(1)
1.945 Å, I(1)–O(2) 2.342 Å, I(1)–C(1) 2.080 Å, O(1)–I(1)–O(2) 167.71; 19: I(1)–
O(1) 1.943 Å, I(1)–O(2) 2.326 Å, I(1)–C(1) 2.155 Å, O(1)–I(1)–O(2) 166.71.
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phenol dearomatisation, oxidative rearrangements and hetero-
cyclisations. In general, both reagents lead to the formation of
the products in moderate to excellent yields. Moreover, the furan
derived reagent 18 shows higher reactivity than its thiophene
analogue 19 in most cases.
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